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CHAPTER  IX.  {Continued.) 

OF  METALS. 


DIVISION   II. 

METALS  THAT  ABSORB  OXYGEN  AT  HIGH  TfiMPEBATUBES,  BUT  DO 
NOT  DECOMPOSE  WATER,  EXCEPT  AT  A  RED  HEAT. 

SECTION  XIV. 

Manganese* 

Manganese  never  occurs  as  a  natural  product  in  a  metallic 
-state;  the  black  substance,  known  in  commerce  by  that  name, 
being  a  compound  of  manganese  with  a  large  proportion  o 
oxygen.  It  is  by  no  means,  however,  a  pure  oxide  of  manga- 
nese, for,  besides  carbonate  of  lime,  which  is  occasionally  pre- 
sent in  it,  it  contains  also  oxides  of  iron,  copper,  and  lead,  and 
sometimes  a  small  quantity  of  baryta.  To  purify  it,  equal  parts 
of  manganese  and  sulphuric  acid  may  be  heated  together,  till 
the  vapour  of  sulphuric  acid  ceases  to  appear.  A  solution  of 
the  residuum  can  of  course  contain  neither  baryta  nor  lead,  and 
consists  only  of  the  sulphates  of  manganese,  iron,  and  copper. 
To  remove  the  two  latter  metals,  pass  sulphureted  hydrogen 
through  the  solution,  and  then  concentrate  it  by  evaporation. 
Spirit  of  wine,  containing  from  80  to  90  per  cent,  alcohol, 
divides  the  solution  into  two  parts,  the  lower  of  which  soon 
deposits  sulphate  of  manganese ;  and  from  this,  carbonate  of 
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potassa  precipitates  carbonate  of  manganese,  capable  of  yield- 
ing all  the  different  oxides  of  that  metal.* 

Mr.  Faraday  has  employed  a  simpler  process  for  obtaining 
oxide  of  manganese  in  solution,  without  any  other  metal.  It 
consists  in  heating  excess  of  common  black  oxide  with  mu- 
riate of  ammonia  in  a  crucible.  The  chlorine,  which  is  disen- 
gaged, seizes  the  manganese  in  preference  to  any  other  sub- 
stance; and,  on  adding  water  and  filtering,  a  pure  solution  of 
muriate  of  manganese  is  obtained.  No  iron,  copper,  or  other 
metal,  is  taken  up  so  long  as  any  spare  oxide  of  manganese  is 
present.  From  the  solution,  bi-carbonate  of  potassa  throws 
down  a  pure  carbonate,  from  which  the  carbonic  acid  may  be 
expelled  by  heat.  (Quarterly  Journal,  vi.  358.)  If  iron  be  al- 
ready in  a  state  of  solution  in  sulphuric  or  muriatic  acid,  along 
i¥ith  manganese,  the  two  metals  may  easily  be  separated,  as  Mr. 
IHatchett  has  shown,  by  ammonia,  wliich  throws  down  the 
oxide  of  iron,  but  forms  with  the  manganese  a  soluble  triple 
salt.  The  most  improved  method  of  effecting  this  separation 
'WfU  be  described  in  the  section  on  the  Analysis  of  Minerals. 

From  the  oxide,  metallic  manganese  may  be  obtained  by 
mixing  it,  after  being  finely  powdered,  with  pitch,  making  it 
into  a  ball,  and  putting  this  into  a  crucible  with  powdered 
charcoal,  one  tenth  of  an  inch  thick  on  the  sides,  and  one 
fourth  of  an  inch  deep  at  the  bottom.  The  empty  space  is  then 
to  be  filled  with  powdered  charcoal,  a  cover  is  to  be  luted  on, 
and  the  crucible  exposed,  for  one  hour,  to  the  strongest  hent 
that  can  be  raised.  Mr.  Faraday  has  succeeded  in  obtaining 
metallic  manganese  in  large  globules  from  the  triple  tartrate  of 
manganese,  by  heating  it  in  a  crucible  in  a  wind  furnace  per  se. 

This  metal  is  of  a  dusky  white  colour,  and  bright  and 
shining  in  its  fracture.  Its  specific  gravity  was  found  by  Dr. 
John  to  be  8.013.  It  is  very  brittle,  and  even  less  fusible 
than*  iron,  requiring  a  heat  of  1 60°  Wedgewood  to  melt  iu 
It  is  not  attracted  by  the  magnet ;  except  when  contaminated 
with  a  small  quantity  of  iron.  When  exposed  to  the  air,  it 
soon  crumbles  into  a  blackish  brown  powder,  in  consequence 
of  its  oxidation,  and  becomes  in  succession  grey,  violet^ 
brown,  and  finally  black. 

*  A  no.  of  Philofopky,  N.  S.  i.  60. 
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I.  Oxides  of  Manganese, 

There  is    a  remarkable  want  of  agreement  in  different 
statements  of  the  composition  of  tlie  oxides  of  manganese,  and 
even  of  the  number  of  those  oxides;  and,  as  it  is  not  easy 
to  decide  which  is  most  to  be  relied  upon,  I  shall  give  the 
results  of  several  analysts,  in  order  that  the  reader  may  ex- 
ercise his  own  judgment  on  the  subject.     Sir  H.  Davy  ad- 
mits only  two^  one  of  a  dark  olive  colour,  consisting  of  21 
oxygen  to  79  metal ;  the  other  of  a  dark  brown  colour,  con- 
taining almost  10  per  cent,  more  of  oxygen.*     Dr.  John,  in 
a  memoir  published  in  the  2d  and  3d  volumes  of  Dr.  Thom- 
son's   Annals,    enumerates  three  oxides  of  manganese,  the 
green,  the  brown,  and  the  black.     The  green  is  formed  by  the 
action  of  metallic  manganese  on  water,  from  which,  he  asserts, 
that  it  takes  oxygen,  and  disengages  hydrogen  gas,  apparently 
holding  some  of  the  metal  in  solution.     The  brown  oxide  was 
formed  by  exposing  the  last  mentioned  one  to  the  air,  till  it 
ceased  to  gain  weight,  and  then  drying  it  quickly.    The  thirds 
or  black  oxide,  was  prepared  by  dissolving  manganese  in  nitric 
acid,  evaporating,  and  drying  by  a  heat  sufficient  to  expel  the 
nitric  acid,  but  not  to  decompose  the  oxide.  The  brown  oxide 
still  continued  to  absorb  oxygen,  when  exposed  to  the  atmos- 
phere; but  the  black,  when  ignited,  gave  oxj'gen  gas.     The 
composition  of  these  oxides  is  stated  by  Dr.  John  as  follows : 

Metal.  Oxygen.  Metal.  Oxygen. 

Istoxide  (green)..  87       ....13       100  ....   14.9*2 

2d  oxide(brown) . .  80      • ...  20       100 25. 

Sd  oxide  (black)  .•  71.33 28.G7 100 40  19 

Berzeliust  admits  the  composition  of  the  green  oxide,  as 
stated  by  Dr.  John,  with  a  slight  alteration ;  but  corrects  tliat 
of  the  second  and  third,  and  adds,  also,  two  other  oxides,  the 
one  with  less  oxygen,  and  the  other  with  more  than  any  of 
those  which  have  been  already  cited.  The  first  is  obtained  by 
exposing  metallic  manganese  in  a  vessel  loosely  corked ;  but 
there  can  be  little  doubt,  from  its  properties,  that  it  is  a  mix- 


Kitments  ofCkem.  Phil.  369.  t  87  Ana.  deCbim.  149. 
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ture  of  the  nietnl  and  the  green  oxide.  The  second,  described 
also  by  Dr.  John,  results  from  the  action  of  water  on  metallic 
manganese;  the  third  from  the  action  of  acids;  and  the  fourth 
from  calcining  the  nitrate.  The  fifth  and  last  is  the  black 
oxide  of  manganese,  which  is  become  important  from  its  use 
in  preparing  chlorine.  By  exposure  to  a  strong  heat,  100 
parts  of  this  oxide  lose  11.3  of  oxygen,  and  a  red  oxide 
remains. 

Berzclias^s  Table  of  the  Composition  of  Oxides  of  Manganese. 

Metal.        Oxygen.  Metal.        Oxjger. 

Ist  oxide 93.435..    6.565 100..    7.0266 

2d  oxide 87.68    . .  12.32    100 . .  14.0533 

3d  oxide 78.10    ..21.90    100..  28.1077 

4th oxide 70.50    ..2950    ......  100..  42.16 

5th  oxide 64.00    ..36.00    100.  .56.215 

The  numbers  in  the  last  column,  it  may  be  observed,  stand 
to  each  other  in  the  proportion  of  1,  2,  4,  6,  8.  But  if  the  first 
compound  (as  ap|)ears  to  me  highly  probable)  be  not  a  distinct 
oxide,  the  ratio  will  then  be  that  of  1,  2,  3,  4.     Gay  LussaCy 
indeed,  has  expressed  his  conviction,*  that  the  two  first  oxides 
do  not  exist ;  and  that  there  are  in  reality  only  three ;    1st  the 
protoxide,  obtained  by  dissolving  manganese  in  diluted  sul- 
phuric acid,  and  precipitating  it  by  a  pure  alkali  out  of  the 
contact  of  air :    2d,  the  deutoxide,  which  remains  after  cal- 
cining the  peroxide,  or  the  greater  part  of  the  salts  of  manga" 
nese ;  and  3d,  the  peroxide,  or  native  black  oxide.     And  Ber- 
zelius  himself  is  now  disposed  to  relinquish  the  two  first,t  and 
to  admit  only  three  oxides  of  manganese,  with  quantities  of 
oxygen  corresponding  to  the  three  last  in  the  above  table ; 
the  protoxide  (the  3d  of  the  above  table)  being  green,  and  the 
two  others  black.     The  red  compound  of  100  parts  of  man- 
ganese with  37.47  oxygen,  not  agreeing  with  the  law  of  de- 
finite proportions,  he  considers  as  a  mixture  of  the  two  first.^ 
An  able  investigation  of  tlie  oxides  and  salts  of  manganese 
was  published  by  Dr.  Forchhammer  in  1820,  in  an  Inaugural 
Dissertation,  ^'De  Mangano/'  of  which  an  abstract  may  be 
found  in  the  Annals  of  Philosophy. 


*  Ann.  dc  Chini.  efPh^s.  i.  39.         t  Ibid.  v.  1.^0.        }  Ibid.  vi.  904. 
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L  To  obtain  the  prolaxide,  a  glass  tube,  open  at  both  ends, 
wu  filled  with  cleutoxide^  and  heatetl  over  a  lamp,  while  hy« 
dragen  gas  was  passed  through  iL  The  brown  powder  soon 
cfaniged  to  a  light  3'ellow,  which  colour,  while  the  powder  was 
oxiiiiig,  becanme  white,  and  the  powder  when  cold  wns  of  a 
beautiful  li^i^it  f^rc^en.  Its  colour,  however,  soon  chan<:rcd  by 
eqxKore  to  the  air,  and  when  heated  below  600%  it  was  re- 
converted into  cleutoxide,  burning  slowly  with  a  reddish  light. 

2.  Tlie  deiiiojcide^  according  to  the  same  author,  may  be  ob* 
tiined  by  exposing  the  pure  carbonate  of  manganese,  during 
t  long  time,  to  a  red  heat  in  an  open  vessel ;  or  by  triturating 
peroxide  of  manganese  with  binoxalate  of  )K>tassa  and  water, 
a  pink  solution  is  obtained,  from  which  ammonia  throws  dowa 
the  deutoxide.  Its  colour  is  brown,  resembling  that  of  deut- 
oxide  of  iron,  but  rather  darker.  It  is  soluble  in  concentrated 
muriatic  acid  at  42°  Fahr.;  but,  if  the  temperature  of  the  so- 
huon  be  at  all  raised,  or  if  it  be  exposed  to  the  sunbeams, 
dilorine  escnpes,  and  muriate  of  protoxide  is  formed.  The  ex- 
istence of  the  deutoxide  has  been  doubted,  but,  in  fact,  it  is. 
Dr.  Forchhammer  asserts,  the  only  one  which  is  easily  obtained 

in  a  pure  state. 

3.  When  the  deutoxide  is  boiled  with  weak  nitric  acid,  a 
portion  of  it  parts  with  oxygen,  and  enters  into  solution  in  the 
state  of  protoxide,  while  the  remainder  is  converted  into  per- 
axide^  which  is  black,  and  insoluble  in  all  acids  except  such  as 
deprive  it  of  oxygen.  The  native  ore  of  manganese  is,  when 
pure,  identical,  in  its  chemical  properties,  with  this  oxide,  ex- 
cept that  it  is  contaminated  with  other  oxides.  It  is  found  in 
great  abundance  in  Devonshire,  Warwickshire,  &c. 

The  following  Table  shows  the  composition  of  these  oxides, 
according  to  Dr.  Forch hammer's  analysis. 

Metal.  Oxygen.  Metal.  Oxjrgen. 

Protoxide  (green)    76.27    23.73 100 31.25 

Deutoxide  (brown)  70.403 29.597 100 ... .  42.040 

Peroxide   (black)    63.749 36.351 100 62  50 

It  is  obvious,  therefore,  that  the  peroxide  contains  twice  as 
much  oxygen  as  the  protoxide ;  but  the  artificial  peroxide, 
dried  at  a  low  heat,  is  a  hydrate  containing  16  oxygen,  30 
manganese,  and  9  water. 
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The  discordance  among  the  results  of  different  analysts,  as 
to  the  composition  of  the  protoxide,  prevents  as  from  deducing, 
in  this  way,  the  weight  of  the  atom  of  manganese.  Dr.  Thom- 
son,* from  the  composition  of  the  sulphate,  infers  the  equi- 
valent number  of  manganese  to  be  28;  to  agree  with  which 
100  parts  of  metal  should  unite  with  28.5  oxygen  ;  and  in  the 
peroxide  the  oxj'gen  should  therefore  be  28.5  x  2  =  57  on 
100  of  the  metal. 

II.  Manganese  and  Chlorine. 

Chloride  of  manganese  may  be  formed  by  evaporating  the 
muriate  to  dryness,  and  subjecting  tlie  residue  to  a  red  heat 
out  of  the  contact  of  air.  A  pink  coloured  semitransparent 
substance  is  obtained,  which,  according  to  the  analysis  of  Dr. 
John  Davy,  consists  of 

Chlorine 54    100    117.64 

Manganese 46    85    100. 

100 

Now  54 :  46 ::  36 :  80.6.  The  weight,  therefore,  of  the 
atom  of  manganese,  deduced  from  the  chloride,  exceeds  that 
inferred  from  the  oxide.  This  shows  that  farther  experiments 
are  necessary  before  we  can  assign  the  true  equivalent  of  man- 
ganese. It  is  not  improbable,  however,  that  30  will  prove  to 
be  very  near  the  true  number. 

III.  Salts  of  Manganese. 

Carbonates,  When  the  green  or  protoxide  is  precipitated 
from  its  solution  in  an  acid  by  a  carbonated  alkali,  we  obtain 
a  snow-white  compound,  which  is  a  carl)onate  of  manganese. 
It  is  composed,  according  to  Dr.  John,  of 

Protoxide  of  manganese /I5.84 

Water , 10. 

Carbonic  acid 34.16 

100. 
«S»/pftofe.*-^^Concentrated  tnlphoric  acid  hns  very  little  ac«< 

•  Ann.ofPbil.N.S.  i.8M. 
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tton  on  metallic  manganese ;  but  the  dilute  acid  dissolves  it 
with  an  extrication  of  hydrogen  gas,  which  has  a  peculiar 
smell,  resembling  assafoetido,  probably  from  its  holding  some 
of  the  metal  in  solution,  llie  solution  has  a  light  rose  co* 
lour,  and  gives  crystals  of  the  same  colour. 

The  pure  protoxide,  and  the  carbonate  of  protoxide,  di»» 
solve  in  the  sulphuric  acid  in  any  state  of  concentration ;  and 
a  solution  is  obtained,  exactly  resembling  that  which  has  been 
described.  The  first  crystals,  that  shoot  from  the  solution^ 
are  of  a  faint  rose  red  colour.  The  last  are  white,  and  con* 
tain  a  great  excess  of  acid.  The  red  crystals  are  soluble  in  24 
parts  of  water,  at  55^  Fahrenheit,  and  are  insoluble  in  alcohol. 
The  alkaline  carbonates,  prussiates,  and  phosphates,  occasion 
a  white  precipitate  from  the  solution,  and  are  almost  the  only 
salts  that  decompose  this  sulphate.     It  is  composed  of 

Atoms. 

Protoxide  of  manganese    ••..  25.93   •...  1   =  28. 

Sulphuric  add    S4.72   ....  1   =  4fO. 

Water   39.35    ....  5  =  45. 


100.  113. 

Concentrated  sulphuric  acid  dissolves  the  deutoxide  of  man-* 
ganese;  but  the  same  acid,  if  much  diluted,  decomposes  it,  and 
forms  peroxide,  and  sulphate  of  protoxide.  The  solution  act» 
on  metals,  an  adequate  portion  of  the  deutoxide  being  brought 
to  the  state  of  protoxide.  It 'is,  also,  when  heated,  decom^ 
posed  by  tartaric  acid  and  binoxalate  of  potassa,  an  escape  of 
carbonic  acid  being,  in  both  cases,  observed.  A  similar  Ae^ 
composition  is  produced,  by  the  same  agents,  of  other  salts  with 
base  of  deutoxide. 

Sulphurous  acid  acts  on  the  peroxide,  first  depriving  it  of 
part  of  its  oxygen,  and  dissolving  the  protoxide. 

Hypo^sulphite  of  manganese  is  obtained  by  acting  on  hypo-> 
sulphite  of  lime  with  sulphite  of  manganese. 

Nitrate. — Nitric  acid^  when  moderately  concentrated,  dia^ 
solves  metallic  manganese  with  an  escape  of  nitrous  gas.  The 
solation  is  colourless;  but  by  long  continued  heat,  the  acid 
is  deoompoiedy  and  a  black  <»Lide  is  left.  The  protoxide 
and  white  carbonate  alao  dissolve  readily  in  nitric  acid»  «id 


8  OP  METALS.  CflAP.  IX* 

by  particular  management  crystals  may  be  obtaincti  fronv 
the  solutions.  Tbe  crystiils  deliquiate  by  exposure  to  the  air; 
and  on  the  application  of  heat,  melt,  and  arc  immediately  de- 
composed, a  blackish  brown  substance  remaining,  which  Ber-^ 
zelius  took  for  the  real  deutoxide,  but  which  Dr.  Forchham- 
xner  believes  to  be  a  mixaire  of  1  atom  of  deutoxide  with  one 
atom  of  peroxide.  Nitric  acid,  heated  witli  deutoxide,  divides 
it  into  protoxide,  which  is  dissolved,  and  peroxide.  The  lat- 
ter is  not  acted  upon  by  nitric  acid,  unless  a  little  sugar  i& 
added,  or  some  other  similar  substance,  which  may  partly 
deK>xidize  it. 

Muriate. — The  action  of  muriatic  acid  is  most  important  on 
the  black  native  oxide.  According  to  the  old  theory,  part  of 
the  acid  acts  on  one  portion  of  the  oxide ;  and  first  reduces  it 
to  the  state  of  protoxide^  and  then  dissolves  it;  affording  mu- 
riate of  protoxide  of  manganese.  The  oxygen,  thus  liberated^ 
uniting  with  another  portion  of  muriatic  acid,  composes  0x3*- 
muriatic  acid.  But,  on  the  more  probable  theory  of  chlorine,, 
tlic  hydrogen  of  the  muriatic  acid  is  attracted  by  the  oxygeir 
of  the  oxide,  and  the  chlorine  is  not  formed,  but  merely  set  at 
liberty. 

Chloride  of  manganese  is  a  deliquescent  salt;  it  is  soluble 
in  an  equal  weight  of  water,  and  soluble,  also,  in  alcohol,  by 
wliich  means  it  may  be  separated  from  the  sulphate.  When 
dissolved,  it  is  converted  into  a  com{xiund  of  muriatic  acid  and 
oxide  of  manganese.  The  muriate  may  be  obtained  in  large 
tabular  crystals,  quite  transparent,  and  of  a  rose  colour,  which 
consist  of 

Protoxide  of  manganese S8.50 

Muriatic  acid 20.04 

Water 41.46 


100. 


The  muriate  of  deutoxide  can  only  exist  at  a  temperature 
below  42^  Fahr. ;  for  when  its  solution  is  heated,  the  oxi<le  i* 
revived  into  protoxide  and  peroxide.     ( Forchhammer.) 

Dr.  John  has  investigated,  also,  several  of  the  combinations 
of  oxide  of  manganese  with  vegetable  and  metallic  acids,  th* 
details  of  which  are  contained  in  his  paper. 
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IV.  The  black  oxide  of  manganese  has  some  properties, 
which  appear  to  indicate  that  it  is  susceptible  of  still  farther 
oxidation,  and  even  of  aflbrding  acid  compounds. 

1.  It  imparts  to  borate  of  soda,  when  melted  with  it,  a  vio- 
let colour.  When  this  is  cflccted  by  the  blow-pipe,  the  colour 
may  be  destroyed  by  the  interior  flame,  and  again  re-produced" 
by  the  exterior  one,  or  by  a  small  particle  of  nitre.* 

2.  When  black  oxide  of  manganese  and  nitre,  both  reduced 
to  powder,  are  mixed  together,  and  tlirown  into  a  red-hot 
crucible,  the  nitric  acid  is  decomposed,  and  we  obtain  a  com- 
pound of  higlily-oxidi^ed  manganese  with  potassa.  The  same 
compound  may  be  obtained  by  fusing  together  one  part  of  the 
i)1ack  oxide,  and  five  or  six  of  solid  caustic  potassa.  It  has 
the  singular  property  of  exhibiting  different  colours,  accord- 
ing to  tlie  quantity  of  water  that  is  added  to  it.  A  small  quan* 
tity  gives  a  green  solution;  a  farther  addition  changes  it  ta 
blue;  more  still  to  purple;  and  a  still  larger  quantity  to  a 
beautiful  deep  purple. 

3.  The  experiment  may  be  varied,  by  putting  equal  quan- 
tities of  this  substance  into  two  separate  glass  vessels,  and 
pouring  on  the  one  hot,  and  on  the  other  cold,  water.  The 
hot  solution  has  a  beautiful  green  colour,  and  the  cold  one  is^ 
of  a  deep  purple.  The  same  material,  with  water  of  different 
temperatures,  assumes  various  shades  of  colour.  Hence  this^ 
compound  has  been  termed  the  chaviellon  mineraL  This  pro- 
perty is  destroyed  by  a  very  small  quantity  of  sulphuret  of 
potassa,  and  by  other  substances  that  attract  ox}'gen. 

Tlie  properties  of  this  singular  substance  have  been  lately 
investigated  by  Chevrcul.+  To  exclude  the  presence  of  iron, 
on  which  Scheele  suspected  its  green  colour  to  depend,  he 
prepared  it  by  fusing,  in  a  platinum  crucible,  one  part  of  pure 
oxide  of  manganese  with  eight  of  potassa,  prepared  with  al- 
cohol. The  colour  of  the  solution  was  still  green,  and  by  the 
addition  either  of  more  water,  or  of  carbonic  acid,  or  an  al- 
kaline carbonate,  became  successively  blue,  violet,  indigo, 
purple,  and  red.  The  green  solution,  Chevreul  supposes,  is^^ 
a  combination  of  caustic  potassa  with  oxide  of  manganese; 
and  the  red,  of  potassa,  oxide  of  manganese,  and  carbonic 


•  Sf  KJftprotb,  vol.i.  p.  943,  a.         f  Ann.  d«  Chim.  et  Phyt.  18«. 
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acid*  The  intermediate  colours  result  from  the  combination 
of  these  in  different  proportions,  as  may  be  proved  by  the 
direct  mixture  of  a  green  with  a  red  solution.  The  agency 
of  water,  even  when  carefully  deprived  of  carbonic  acid,  in 
effecting  the  same  change,  shows,  however,  that  the  theory 
does  not  account  for  all  the  phenomena.  This  fact  Chevreul 
explains  by  the  action  of  water  in  diminishing  the  attractioa 
between  the  potassa  and  oxide  of  manganese,  in  which  way  he 
apprehends  that  carbonic  acid  produces  its  effect.  The  oxide, 
both  in  the  green  and  red  compounds,  he  asserts,  is  at  the 
same  degree  of  oxidation,  a  degree  probably  inferior  to  that 
of  the  native  oxide. 

Messrs.  Chevillot  and  Edwards  have  ascertained  that 
the  colour  of  the  chameleon  mineral  is  owing  to  manganese, 
and  not  to  any  other  metal ;  that  the  contact  of  oxygen 
gas  with  the  fused  matecials  is  essential  to  its  formation, 
during  which  oxygen  is  absorbed;  and  that  the  chameleon 
compound  is  a  neutral  salt,  susceptible  of  assuming  a  regular 
crystallized  form.* 

When  these  crystals  are  heated  in  contact  with  hydrogen 
gas,  they  cause  it  to  inflame.  They  detonate  violently  with 
phosphorus ;  and  set  fire  to  sulphur,  arsenic  and  antimony,  and 
indeed  to  all  combustible  bodies  hitherto  tried.  Tlie  red  com* 
pound  was  supposed  to  be  a  neutral  manganesiaie  of  potassa^ 
and  the  green  9k  sub^monganesiale  ;  but  it  seems  more  probable, 
from  the  experiments  of  Forchhammer,  that  the  difference  be* 
tween  the  red  and  green  confounds  depends,  not  on  the  quan* 
tity  of  potassa  combined  with  the  oxide  of  manganese,  but  on 
the  proportion  of  oxygen  united  with  the  manganese  itself.f 
Ck)nformabIy  with  this  view,  be  found  that  adding  alcohol  or 
carbonate  of  manganese  to  the  red  compound  changed  it  to 
green  by  abstracting  oxygen.  The  manganese  in  the  latter 
compound,  he  considers  as  forming  an  acid  with  a  minimum  of 
oxygen  ;  the  proportions  being  100  metal  and  96.847  oxygen, 
constituting  mangtmeseous  odd  ;  the  green  salt,  therefore^  b  a 
manganesiie  of  potassa.  The  red  compound,  he  states,  con* 
Cains  an  acid  which  may  be  called  the  manganesiCf  and  its 
compounds  manganesiales.  In  this  acid  100  of  metal  arc  united 

•  Aon.  de  dnro.  et  Phys.  it.  S67.TUt.  397. 
t  Am.  •£  PfaUos.  xr'u  ISO. 
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with  1 32  of  oxygen,  which  corre^onds  v6ry  nearly  with  the 
proportion  of  one  atom  of  metal  =  28,  to  5  of  oxygen  =  40* 
In  the  constitutioa  of  the  manganeous  acid  no  such  coinci* 
dence  can  be  discovered  between  theory  and  the  results  of 
experiment.  Though  it  is  extremely  probable,  therefore,  that 
manganese  is  capable  of  forming  one  or  more  true  acids  with 
oxygen,  yet  the  proportion  of  the  elements  of  these  acids  may 
be  considered  as  still  undetermined. 

V.  Manganese,  in  its  metallic  state^  cannot  be  brought  to 
combine  with  sulfiAur,  though  a  native  compound  of  these  two 
substances  has  been  examined  by  Proust.  The  oxide,  how-^ 
ever,  unites  with  sulphur  by  fusion,  in  the  proportion  of  eight 
of  the  former  to  three  of  tlie  latter ;  and  a  compound  is  ob> 
tained  of  a  green  colour,  which  gives  out  sulphureted  hydro* 
gen  gas  by  the  action  of  acids. 

V  I.  Manganese  unites  with  most  of  the  metals^  and  com* 
poses  alloys;  none  of  which  are  distinguished  by  important 
properties. 

SECTION  XV. 
Zinc. 

The  zinc  of  commerce,  known  by  the  name  of  spelirey  is 
never  pure,  but  contains  lead  and  sulphur.  To  purify  it^ 
zinc  must  be  dissolved  in  diluted  sulphuric  acid ;  a  plate  of 
zinc  is  then  to  be  immersed  in  the  solution,  to  precipitate  other 
metals,  which  it  may  contain ;  the  solution  must  be  deconn 
posed  by  subcarbonate  of  potassa ;  and  the  precipitate,  after 
being  well  washed^  ignited  with  charcoal  powder. 

Zinc  is  of  a  brilliant  white  colour  with  a  shade  of  blue. 
Its  specific  gravity  varies  from  6.86  to  7Aj  the  lightest  being 
the  purest.  By  particular  treatment  it  becomes  malleable,* 
and  may  be  beaten  into  leaves  or  drawn  into  wire. 

Zinc  is  melted  by  a  moderate  heat,  viz.  about  680^  Fahren* 
heit»  and  the  fused  hums,  or  cooling,  forms  regular  crystals. 

I.  Oxides  rfZmc* — By  exposure  to  the  air  at  a  low  tern* 
pcrature^  zinc  slowly  acquires  a  coating  of  grey  oxide ;  but 

*  The  discorerj  of  the  iMilleBhilitjr  of  zinc  was  firat  aoBoanoed  by  Mr. 
Sttrettv  m  fi»  Phiiesephiosl  Magsnae,  vol.  sixiii. 
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when  kepi  in  a  cl^j^rec  of  heat,  barely  sufficient  for  its  fusion,  il  ^ 
becomes  covered  with  a  grey  oxide.  If  thrown  into  a  crucible,  o- 
or  deep  earthen  (lot,  heated  to  whiteness,  it  suddenly  takes  fire ;  m 
burns  with  a  beautiful  white  flame ;  and  a  white  and  liglit  ox-  m\ 
ide,  mixed  with  a  little  carbonate,  sublimes,  having  a  consider-  ij 
able  resemblance  to  carded  wool.  Hiis  oxide,  however,  ;i 
when  once  deposited,  is  no  longer  volatile ;  but,  if  exposed  ta  £ 
a  violent  heat,  runs  into  glass.  It  has  been  examined  with 
much  attention  by  Proust,  who  found  it  to  consist  of  80  parts  c 
of  zinc  and  20  oxygen.  Gay  Lussac*  and  Berzeliusf  have,  r^ 
since  investigated  it,  and  agree  in  considering  it  as  composed 
of 

Zinc S0.S9    ....   100 

Oxygen ...  19.61    ....     24.4? 

1 00.  1 24.4 

The  equivalent  number,  deducible  for  zinc  from  the  com- 
position of  the  oxide,  is  41  on  Dr.  Wollaston's  scale,  =  33 
when  oxygen  is  dcriotod  by  8.  This  agrees  with  the  exj^- 
riments  of  Dr.  Thomson  ;  J  but  Mr.  Brande,  from  the  com- 
position of  the  oxide  prepared  with  nitric  acid,  has  fixed  on  35 
to  denote  the  weight  of  the  atom  of  zinc.  (Quart.  Journ. 
xiv.  49.)  It  will,  probably,  not  be  far  from  the  truth,  if  we 
take  the  equivalent  of  zinc  to  be  33,  and  that  of  its  oxide 
33  +  8  =41. 

Zinc  decomposes  water  very  slowly  at  common  tempera- 
tures, requiring,  probably,  he  access  of  air ;  but  acts  with 
great  rapidity,  if  the  vapour  of  water  be  brought  into  contact 
with  it  when  ignited.  In  whatever  way  it  is  oxidized,  we 
obtain  the  compound  already  describetl,  which  is  the  only 
known  oxide  of  zinc.§ 

II.  Chloride  of  Zinc. — Only  one  compound  of  chlorine  and 
zinc  is  known,  calle<l  buUer  of  zinc.  It  is  obtained  by  eva- 
porating to  dryness  the  muriate  of  this  metal.  The  compound 
is  fusible  under  a  dull  red  heat,  and,  on  cooling,  goes  through 
several  degrees  of  consistency,  being  viscid  before  it  becomes 
solid.  When  dissolved  in  water,  a  small  residue  of  oxide  of  zinc 

*  60  Ann.  de  Cliim.  170.  f  St  Ditto. 

t  Anu.  of  Phil.  N.  S.  i.  246,  S  ^^gelf  ^^  Thomson's  Anualt,  vii.  39 
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is  left.  From  Dr.  Davy'a  analysis,  it  appears  to  consist  of  equal 
weights  of  chlorine  and  zinc.  If  this  be  correct,  the  equivalent  of 
zinc,  deduced  from*  the  chloride,  should  be  36 ;  but  the  slight 
decomposition,  indicated  by  the  insoluble  residue  of  oxide  of 
zinc  in  dissolving  the  chloride,  has  probably  occasioned  an 
error  in  estimating  its  constituents ;  and  the  composition  of 
the  oxide  is  therefore  a  safer  guide  to  the  equivalent  of  the 
metal. 

III.  Iodine  and  sine  unite  and  form  a  crystalline  compound 
which  is  fusible  and  volatile. 

IV.  Salis  of  Zinc, 

lodaie  of  sine  falls  down  in  an  insoluble  state,  when  iodate 
ofpotassa  is  added  to  a  solution  of  sulphate  of  zinc. 

Hydriodale  of  Zinc. — By  exposure  to  the  air  iodide  of  zinc 
attracts  moisture  and  forms  hydriodale  of  zinc.  When  this 
salt  is  mingled  with  a  solution  of  bi-chloride  of  mercury,  a 
precipitate  is  obtained  of  a  beautiful  bright  red  colour. 

Sulphite  of  zinc  may  be  obtained  by  dissolving  zinc  in  sul* 
phurous  acid*  It  is  a  crystallizable  salt,  readily  soluble  in 
water,  but  not  in  alcohol. 

Hypo-sulphite  of  zinc  is  formed  by  digesting  metallic  zinc 
io  sulphurous  acid.  Sulphureted  hydrogen  gas  escapes,  and 
from  the  solution  crystals  are  obtained  by  gentle  evaporation, 
which,  when  dissolved  in  alcohol,  and  re -crystallized,  are  the 
hjrpo-sulphite. 

Sulphate  of  Zinc^^Tinc  readily  dissolves  in  diluted  sulphu- 
ric acid,  with  the  exception  of  a  small  quantity  of  black  pow- 
der, which  Vogel  found  to  be  composed  of  charcoal,  iron,  and 
sulphate  of  lead.  The  acid,  during  its  action  on  this  metal, 
evolves  hydrogen  gas ;  and  the  gas,  when  obtained,  besides 
other  impurities,  holds  in  combination  a  portion  of  the  metal. 
A  stream  of  it,  burned  in  Cuthbertson's  apparatus  (pi.  iv.  fig. 
34),  has  been  found,  if  recently  prepared,  to  occasion  the  fusion 
of  the  platinum  wire,  though  the  pure  gas  is  destitute  of  this 
proper^.  This  hydrogen  gas,  holding  zinc  in  solution,  may 
also  be  obtained  by  a  process  of  Vauquelin.  A  mixture  of 
the  ore  of  zinc,  called  blende,  or  calamine,  with  charcoal,  is  to 
be  put  into  a  porcelain  tube,  which  is  to  be  placed  horizontally 
in  a  ftumac^  and,  when  red-hot,  the  vapour  of  water  is  to  be 
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drfTen  over  it.  The  gas  that  is  produced,  however,  is  a  mix* 
lure  of  carbonic  acid,  carbureted  hydrogen,  and  a  soluiioa 
of  zinc  in  hydrogen  gas,  which  has  been  called  hjfdrwdncic 
gas.  The  zinc  is  deposited  on  the  surface  of  the  water,  over 
which  this  gas  is  kept ;  but  if  burned  when  recently  prepared^ 
the  gas  exhibits,  in  consequence  of  this  impregnation,  a  dit* 
tinctly  blue  flame. 

The  solution  of  zinc  in  sulphuric  acid,  ^hen  evaporated 
to  a  due  degree  of  density,  shoots  into  regular  crystals.  This 
salt  is  soluble  in  2^  parts  of  water ;  and  its  solution  ia  not  pre* 
cipitated  by  any  other  metal.  Its  composition  is  stated  by 
Berzelius  and  Wollaston  as  follows : 


Acid 30.86 

Base 32.69 

Water  ....   36.45 


• .  •  • 


Atoms. 

.  27.3 

....     X      ....    ^^    v\9 

.  28.4 

•  ...     *      ....     ^^    vJL 

.   44.S 

•  •••      /      ....     "^     09 

loo.*         loot  1** 

Nitrate  of  Zinc. — Nitric  acid,  moderately  strong,  acts  on 
zinc  with  gi'ent  violence.  The  solution,  by  evaporatioti,  crys- 
tallizes in  four  sided  prisms,  and  affords  a  deliquescent  salt. 

Muriate  of  Zinc. — Muriatic  acid,  a  little  diluted,  acts  on 
zinc,  and  evolves  hydrogen  gas  of  great  purity.  The  solution 
IS  clear,  but  cannot,  by  evaporation,  be  brought  to  ci*ystallize. 
The  dry  chloride,  however,  may  be  sublimed,  and  passes  over 
in  a  half  solid  state,  from  which  circumstance  it  has  been  called 
butter  of  zinc.  When  rapidly  evaporated,  the  muriatic  so- 
lution yields  a  thick  extract,  which  has  somewhat  of  tlie  visci- 
dity of  bird-lime. 

Muriate  of  zinc  in  strong  solution  deposits  oxide  of  zinc 
on  adding  water,  and  on  being  filtered  and  further  diluted, 
more  oxide  separates.  Weak  solutions,  when  concentrated 
by  evaporation,  dissolve  the  oxide,  which  will  precipitate  again 
on  dilution.  The  solution  is  always  slightly  acid,  and  am- 
monia, when  added,  does  not  render  it  neutral,  until  all  the 
oxide  of  zinc  is  precipitated.  (Quart.  Journ.  vi.  159.) 

Phosphate  of  zinc  may  be  obtained  either  by  the  direct  ac- 
tion of  dilute  phosphoric  acid  on  zinc,  or  by  decomposing  sul- 

•  Ikrzvliiif.  f  Wollaston. 


phate  of  zinc  with  phosphate  of  soda,  in^hich  throws  down  an 
insoluble  salt. 

Cartanaie  of  zinc  is  precipitated  by  carbonate  of  potassa  from 
sulphate  of  zinc  This  compound  constitutes  the  principal 
ingredient  of  the  ore  of  zinc  called  calamine.  It  is  white^ 
tasteless,  and  insoluble  in  water,  but  readily  dissolves  in  acids 
with  efiervescence. 

Ferro^anaie  of  xinc  appears  as  a  yellowish  white  precipi- 
tate on  adding  ferro-cyanate  of  potasna  to  sulphate  of  zinc. 

Acetate  of  zinc  may  be  formed  either  directly  by  dissolving 
the  metal  or  the  white  oxide  in  acetic  acid,  or  by  mingling 
the  solutions  of  acetate  of  lead  and  sulphate  of  zinc.  An 
insoluble  sulphate  of  lead  is  formed,  and  the  acetate  of  zinc 
remains  in  solution.  By  evaporation  it  affords  a  crystallized 
and  beautiful  salt. 

V^  Zinc  is  oxidized  by  being  boiled  with  pure  alkaline  sch- 
lutionSf  hydrogen  gas  is  evolved,  and  a  portion  of  the  oxide 
remains  dissolved.  A  similar  compound  may  be  obtained, 
ly  prelecting  a  mixture  of  nitre  and  zinc  filings  into  a  red-hot 
cmcible. 

From  all  the  salts  of  zinc,  also,  the  pure  alkalis  throw  down 
zhydraled  oxides  which  is  soluble  in  an  excess  of  alkali.     The  , 
solation  by  ammonia,  when  evaporated  out  of  the  contact  of 
air,  furnishes  crystals  of  a  feathery  form. 

VI.  Zinc  and  Sulp/utr. — Zmc,  in  its  metallic  state,  has  very 
little  affinity  for  sulphur.  A  mixture  of  the  white  oxide  of 
zinc  and  flowers  of  sulphur  combines,  however,  into  a  yellow- 
ish brown  mass.  Water,  impregnated  with  sulphureted  hy- 
drogen, decomposes,  after  some  time,  the  solutions  of  zinc, 
and  forms  a  yellowish  white  precipitate,  which  is  probably  a 
hydro-sulphuret.  Mr.  E.  Davy,  by  passing  the  vapour  of 
sulphur  over  melted  anc,  obtained  a  white  crystalline  sub- 
stance, resembling  that  natural  compound  of  zinc  and  sulphur 
which  is  called  phosphorescent  blende.  The  native  sulphnret, 
called  blende^  ot  black  jack^  by  the  miners,  has  been  analyzed 
by  Dr.  Thomson,  and  foond  to  consist  of 

Zbic 67.19    ....  100 214.40 

Sulphur. ...  32.81    ....     48.84    ....  100. 

^mmltf^m^mmm  mm^^^mm^mm^  ^mim^mi^a^m^mm 

100.  148.84  514.40 
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VIL  Zioc  combines  with  phosphorus.    The  phosphuret  of 
yiiic  is  of  a  whitish  colour  and  a  metallic  lustre  not  unlike    < 
lead.    It  has  some  malleability,  exhales  a  phosphoric  smell, 
Mndf  at  a  high  degree  of  heat,  burns  like  common  zinc. 

VIII.  Zinc  is  capable  of  furnishing  alloys  with  most  of  the 
^her  metals.     Of  these  the  most  useful,  brass,  will  be  men- 
doned  in  treating  of  copper.     It  has  been  lately  proposed  to  ' 
^pply  zinc  to  the  purpose  of  culinary  vessels,  pipes  for  con-   ^ 
veying  water,  sheathing  for  ships,  &c.;  but  it  is  rendered    * 
unfit  for  the  first  object,  by  the  facility  with  which  the  weak*    ^ 
est  acids  act  upon  it ;  and  for  the  remaining  ones,  by  its  con-    ' 
jiiderable  though  slow  oxidation,  when  exposed  to  the  opera-* 
Xion  of  air  and  moisture. 


SECTION  XVI. 

Iron. 

Iron  has  a  blueish  white  colour,  and  admits  of  a  high 
degree  of  polish.  It  is  extremely  malleable,  though  it  cannot 
be  beaten  out  to  the  same  decree  of  thinness  as  gold  or  silver. 
It  is  much  more  ductile,  howeVer,  than  those  metals ;  for  it 
may  be  drawn  out  into  wire  much  finer  than  a  human  hair ; 
and  iu  tenacity  is  such  that  a  wire  only  .^^ths  of  an  inch  in 
diameter  is  capable  of  supporting  a  weight  of  nearly  550  lb. 
Its  specific  gravity  varies  from  7.6  to  7.8. 

Iron  is  one  of  the  most  infusible  of  the  metals.  Its  melting 
point  is  about  158^  of  Wedgwood.  Its  chemical  properties 
are  the  following : 

I.  Oxides  of  Iron. 

1.  When  exposed  to  the  atmosphere,  especially  when  the 
air  is  moist,  iron  slowly  combines  with  oxygen,  or,  in  common 
language,  rusis.  If  the  temperature  of  the  metal  be  raised, 
this  change  goes  on  more  rapidly ;  and,  when  made  intensely 
hot,  it  takes  place  with  the  appearance  of  actual  combustion. 
Thus  the  small  fragments,  which  fly  firom  a  bar  of  iron  during 
forging,  undergo  a  vivid  combustion  in  the  atmosphere ;  and 
iron  filings,  projected  upon  the  blaze  of  a  torch,  burn  with 
considerable  brilliancy.  The  oxide^  obtained  in  these  ways, 
is  of  a  black  colour,  and  is  still  attracted  by  the  magnet. 
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Hie  nme  chan|^  is  more  rapidly  produced,  when  igoited 
■DO  is  brought  into  contact  with  oxygen  gat.  A  yivid  com* 
Moa  happens,  as  already  described  rot.  i.  page  S08. 
Iifoifier  made  many  experiments  to  ascertain  the  in* 
awe  of  weight,  acquired  by  iron  when  thns  burned,  and 
(ododed  that,  on  an  average,  100  parts  of  iron  condense 
fimn  32  to  35  parts  of  oxygen.  Dr.  Thomson,  however,  on 
Rpestbig  the  experiment  sereral  times,  did  not  find  that  100 
puts  of  iron  absorbed  more  than  ^.5  of  oxygen ;  but  he 
idbiowledges  that  it  is  almost  impossible  to  collect  the  whde 
prodnct,  and  that  minute  portions  are  dissipated  in  sparks.* 

2.  By  contact  with  water  at  the  temperature  of  the  atmos- 
piiere^  iron  becomes  slowly  oxidized,  and  hydrogen  gas  is 
erohred.  It  has  indeed  been  contended  by  Dr.  Marshall  Hall, 
(Quart.  Journ.  vii.  55*)  that  water,  provided  it  be  entirely  de- 
prived oT  oxygen  gas,  and  secured  from  contact  with  atmos- 
pheric air,  does  not  oxidate  iron  at  common  temperatures; 
and  that  a  polished  plate  of  iron  retains  its  metallic  briUiaucy, 
both  in  air  deprived  of  moisture^  aqd  in  water  tlioroughiy 
purged  of  air.  M.  Guibourt,  however,  has  shown  that  thb 
inaction  of  pure  water  on  iron  takes  place  only  when  the 
quantity  of  metal  relatively  to  the  fluid  U  vei*y  small;  that  at 
75^  to  80^  Falir.  little  or  no  efiect  is  produced;  but  that  a 
temperature  of  from  120^  to  140*  Faiir.  renders  water  de- 
composable by  iron,  especially  when  the  metal  bears  a  coii- 
liderable  proportion  to  the  water.    (Ann.  de  Chim.  et  Phys. 

When  the  steam  of  water  is  brought  into  contact  with  rc<l- 

hot  iron,  the  iron  is  converted  into  the  black  oxide ;  and  nn 

immense  quantity  of  hydrogen  gas  is  set  at  liberty,  and  may 

be  collected  by  a  proper  apparatus.     The  iron  is  found  to 

hate  lost  all  its  tenacity,  and  mny  be  crumbled  down  into 

a  black  powder,  to  which  the  name  of  Jittery  cinder  was  given 

by  Dr.  Priestley.  In  composition,  it  does  not  appear  to  differ 

from  the  oxide  of  iron  obtained  by  the  action  of  atmospheric 

air,  and  it  is  strongly  magnetic.     By  a  careful  repetition  of 

the  process,  Dr.  Thomson  found  that  100  grains  of  iroi), 

*  f7  Nich.  Joura.  9S1. 
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ignited  in  contact  ^vith  the  vapour  of  water,  acquire  £0.1  iv 
grains  of  oxygen.  j* 

S.  When  iron  is  dissolved  in  diluted  sulphuric  acid,  the  :s 
acid  is  not  decomposed  ;  but  the  metal  is  oxidized  at  the  ex*  ::i 
pense  of  the  water,  and  hydrogen  gas  is  obtained  in  abund*  a, 
ance.     Now  as  water  is  composed  of  two  volumes  of  hydrogen  i\ 
and  one  of  oxygen,  a  quantity  of  oxygen,  equal  in  volume  to  i 
half  the  hydrogen  gas  obtained,  must  have  combined  with  the  u 
metal ;  that  is,  for  every  200  cubic  inches  of  hydrogen,  oxy*  . 
gen  equal  to  100  cubic  inches  or  =  33.8  grains,  must  have   ) 
united  with  the  metal.     But  100  grains  of  pure  iron  evolve»    ^ 
by  acting  on  dilute  sulphuric  acid,  170  cubic  inches  of  hydro-    . 
gen  gas  at  a  mean  of  the  barometer  and  tliermometer,  show-    . 
ii^  that  oxygen,  =  85  cubic  inches,  or  28.73  grains,  must 
have  united  with  the  metal,  during  its  solution.     Dr.  Thorn* 
son,  from  an  ex^^erimcnt  of  this  kind,  calculated  that  100 
grains  of  iron,  after  the  action  of  dilute  sulphuric  acid,  had 
gained  27*5  of  oxygen.     It  is  to  be  considered,  however,  that 
the  purity  of  the  iron  employed  will  materially  aifect  the  re* 
suit ;  for  if  the  iron  contain  charcoal,  as  is  almost  always  the 
case,  carburetted  hydrogen  gas  will  be  mixed  with  tlie  hydro* 
gen  ;  and  the  hydrogen  in  this  gas  being  in  a  condensed  state, 
the  apparent  will  be  less  than  the  real  quantity  of  hydrogen 
disengaged. 

Iron,  by  all  the  difTcrcnt  processes  which  have  been  des- 
cribed, is  converted  into  an  oxide  of  a  black  colour,  having 
the  same  proportions  of  oxygen  and  metal,  and  still  retain* 
ing  the  magnetic  property.  Its  composition  has  been  the  sub- 
ject of  a  series  of  experiments  by  Bucholz,  who  concludes  that 
100  parts  of  iron,  to  become  the  black  protoxide,  condense 
29.83  parts  of  oxygen ;  Dr.  Wollaston  deduces  the  oxygen 
to  be  29  parts,  and  Dobereiner  makes  it  30.  Berzclius's  de* 
termination  diilers  but  little  from  these,  viz. 

„,     ,  -^*     •  I    /  I>'o» 77.22 ....   100 

Black  or  protoxide  (oxygen  . . .  22.78  ....     29.5 

100. 

*  ^ 

'Ilic  (<iuivalcul   number  for  iron  will,  of  course,  vary,  ac- 


SBCT.  XVf.  I  BON.  19 

oordingiy  ai  we  adopt  one  or  other  of  these  experimental  re* 
salts.  If  29.5  be  admitted  to  be  the  quantity  of  oxygen  which 
converts  100  of  iron  into  protoxide,  the  equivalent  of  that 
metal  will  be  27;  if  S8.5  be  sufficient,  the  equivalent  will  be 
28.  In  this  uncertainty,  it  will  perh^  not  be  fitr  from  the 
truth  if  we  consider  28  as  representing  iron,  and  28  +  8  =  S6 
as  denoting  the  protoxide.  Dr.  Thomson  and  Mr.  Brande 
hare  also  fixed  on  those  numbers  as  the  equivalents  of  iron 
and  the  protoxide. 

When  the  oxide  of  iron,  which  has  just  been  described,  or 
iron  itself,  is  dissolved  in  nitric  acid ;  then  boiled  for  some 
time ;  and,  after  being  precipitated  by  ammonia,  is  washed^ 
dried,  and  calcined  in  a  low  red  heat,  it  is  found  to  be  con- 
verted into  a  red  oxide.  This,  according  to  Bucholz,  is  com-^ 
posed  of  100  parts  of  iron  and  42  of  oxygen ;  to  Dobereiner 
of  100  iron  and  45  oxygen;  or,  according  to  Dr.  Wollaston^ 
of  100  metal  and  43.5  oxygen ;  but  Berzelius  states  its  com- 
position as  follows: 

Red  oxide,     flron 69.34  •  • .  •  100. 

or  peroxide   \  Oxygen  ...  30.66. ...     44.25 


100. 


This  peroxide  of  iron,  to  agree  with  the  statement  which 
has  been  given  of  the  protoxide,  should  consist  of  SB  metal  + 
12  of  oxygen,  and  its  equivalent  number  should  be  40 ;  or  100 
metal  should  be  united  with  42.75  of  oxygen.  The  existence 
of  these  two  oxides,  and  the  proportions  of  their  ingredients,  at 
tomewbere  near  28  and  43  oxygen,  to  100  iron,  may  be  consi- 
dered as  clearly  established.  But  besides  these,  it  has  been  at- 
tempted to  be  shown  that  there  are  other  oxides  of  iron» 
Thenard  contends  for  n  compound,  containing  less  oxygen 
than  the  black  oxide,  viz.  25  paru  to  100  metal ;  a  second  com- 
posed of  37-5  oxygen  to  100  metal ;  and  a  third  of  50  to  100 
metal.  And  Gay  Lussac,  also,  supports  the  notion  of  three 
oxides,  with  propoitions,  however,  differing  from  those  of 
Thenard.  The  first  oxide  is  that  which  is  obtained  by  dis- 
solving iron  in  diluted  sulphuric  or  muriatic  acid,  out  of  the 
contact  of  air.     It  is  precipitated  white  by  alkalis,  and  by 

c  2 
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When  iron  wire  is  burned  in  chlorine  gas,  a  substance  ofa  '^ 
bright  yellowish  brown  colour  is  formed,  with  a  high  degree  ^ 
of  lustre;  volatile  at  a  temperature  a  little  above  212%  and 
crystallizing  in  small  iridescent  plates.     It  acts  violently  on 
water,  and  gives  a  red  solution.     It  consists  of 

Chlorine 66.1 100 194.174r 

Iron 33*9  ••••••     51 .5    •••#   100* 


100. 


In  this  case  we  have  also  the  apparent  anomaly  of  an  atom  t 
and  a  half  of  chlorine  being  united  with  an  atom  of  iron;  for  l 
100  :  51.5  ::  36  x  H  =  54 :  28. 

This  anomaly  can  only  be  accounted  for,  in  the  manner 
.suggested  in  speaking  of  the  oxides. 

Chlorate  of  iron  has  not  been  much  examined. 

Iodine  and  iron  unite  and  form  a  brown  fusible  compound^ 
which  decomposes  water,  and  passes  to  the  state  of  a  green 
bydriodate  of  iron. 

lodale  of  iron  is  not  accurately  known. 

III.  Salts  of  Iron, 

1.  Sulphate  of  Iron. — When  diluted  sulphuric  acid  is  made 
to  act  on  iron,  we  obtain  a  compound  of  that  acid  with  the 
protoxide.  The  solution  yields  crj'stals,  ^hich  have  a  beauti- 
ful green  colour,  and  the  shape  of  rhombic  prisms,  not  of 
rhomboids,  as  is  sometimes  represented.*  They  have  a  strong 
styptic  taste  ;  redden  vegetable  blue  colours;  and  arc  soluble 
in  about  two  parts  of  cold  and  ^ths  tlicir  weight  of  boiling 
water.  The  solution  is  precipitated  of  a  greenish  white  by 
alkalis,  and  wbite  by  prussiate  of  potassa.  It  absorbs  oxygen 
from  the  air,  and  the  metal  passes  to  the  state  of  peroxide ;  it 
also  absorbs  nitrous  gas;  and  is  converted  by  chlorine  into  a 
aulpbatc  of  peroxide.  When  the  crystols  are  moderately 
beated,  100  parts  lose  40  of  water,  and  the  residue  eoneisU  of 
1  atom  of  sulphate  +  1  atom  of  water.  Distilled  at  a  stronger 
beat,  they  are  decomposed,  and  yield  a  strong  fuming  add^ 
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ealied  gUuAal  sulphuric  acid.  Tho  proto-sulphftte  is  composed, 
according  to  Berzelias,  of 

Atoms.  " 

Sulphuric  acid 28.9 1  =  40 

Protoxide  of  iron    25.7 1  =  36 

tVater 45.4 7  =63 


100.  139 

Wlieii  a  solution  of  proto-sulphate  of  iron  is  heated  with 
access  of  air,  part  of  the  protoxide  passes  to  the  state  of  per- 
oxide, and,  combininnr  witli  a  portion  of  acid,  falls  down  in 
the  form  of  a  yellow  powder,  which,  according  to  Berzelius, 
is  a  sulphate  of  the  peroxide  widi  excess  of  base,  or  a  sub- 
sulphate.     The  proportions  of  its  components  are : 

Atoms. 

Sulphuric  acid \S.5 1  =    40 

Peroxide  of  iron 63 4  =  160 

Water  ....  * 21.5 6  =    54 


100.  254 

Other  milphates  with  base  of  peroxide  of  iron  (called,  from 
the  atomic  proportions  of  their  constituents,  per^btsulphaie, 
and  per'tpiadrisulphate^  have  been  investigated  by  Dr.  Thorn- 
ton,* Mr.  SylTester,t  and  Mr.  Cooper,^  but  no  sulphate  of 
protoxide  with  excess  of  acid  is  yet  known. 

The  fiirther  oxidation  of  the  iron  in  the  green  sulphate  is 
rffected  more  expeditiously  by  boiling  its  solution  with  nitric 
acid,  and  evaporating  to  dryness,  care  being  taken  not  to  raise 
the  heat  so  as-  to  expel  the  sulphuric  acid.  Water,  added  to 
tbe  residouro,  dissolves  a  salt,  which  is  composed  of  sulphuric 
md  and  peroxide.  The  solution  has  a  yellowish  colour;  doei 
not  afibrd  crystals ;  bntj  when  evaporated  to  dryness,  forms  a 
ddiqoefeent'itiasa,  which  is  soluble  in  alcohol,  and  may  thus 
be  separated  from  tbe  green  sulphate.  Its  solution  affords  a 
\Amt  precipitate  with  ferro-pmssiate  of  petasm.  This  salt  has 
been  called,  but  not  with  propriety^  tay^VHlplkaie^    Its  Icgiti* 
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mate  name  would  be  sulphaie  of  peroxide  ofip>n;  but,  at  Chia  i 

is  inconvenient  from  its  length,  It  maj  be  called  the /Cffr-iiri^Aa/tf  i 

of  iron.    It  consists,  according  to  Berzelius,  of  i 

Atoms.  ^ 

Sulphuric  acid   • .  •  •  60.44  .  •  • .  100.      • .  H  =  60  < 

Peroxide  of  iron  . .  •  39.56  ....     GB.5    •  •  1     =  40  - 


100.  165.5  100 

The  sulphurous  acid,  also,  unites  with  protoxide  of  iron,  and 
forms  a  sulphite ;  and  this  sulphite,  taking  an  additional  quan- 
tity of  sulphur,  composes  a  sulphureted  sulphite.  The  precise 
composition  of  these  salts  remains  to  be  determined. 

Nitrate  of  Iron. — Nitric  acid,  in  its  concentrated  state, 
scarcely  acts  upon  iron,  but,  when  diluted  with  a  small  quantity 
of  water,  it  dissolves  iron  with  great  vehemence;  and  with  the 
extrication  of  a  large  quantity  of  impure  nitrous  gas.  The 
solution,  at  first,  is  of  a  deep  green  colour,  but  when  nearly 
saturated  assumes  a  red  colour.  It  is  not  crystallizabie,  but, 
when  evaporated,  forms  a  deliquescent  mass. 

The  nitrate  of  iron,  it  was  long  ago  shown  by  Sir  H« 
Davy,  may  exist  in  two  different  states,  the  green  nitrate,  in 
which  the  oxide  is  at  the  minimum  of  oxidation,  and  the  red, 
in  which  it  is  at  the  maximum. 

To  obtain  nitrate  of  iron,  in  which  the  oxide  is  at  the 
minimum,  acid  of  the  speciBc  gravity  of  1.25,  or  even  less,  must 
be  used ;  the  iron  must  be  added  in  large  pieces,  and  at  distant 
intervals ;  and  the  operation  carried  on  without  the  access  of 
air.  When  this  solution  is  made  on  a  large  scale  for  the 
purposes  of  the  dyer,  it  is  proper  to  connect  the  vessel,  in 
which  it  is  prepared,  with  a  large  receiver;  for,  in  the  latter, 
a  quantity  of  nitrons  acid  will  be  found,  which  is  worth  the 
trouble  of  collecting.  Nitrate  of  iron,  thus  prepared,  passes^ 
on  exposure  to  the  atmosphere,  to  the  state  of  that  in  which 
the  oxide  is  at  the  maximum.  Hie  composition  of  these  two 
nitrates  has  not  yet  been  accurately  determined. 

Mtariaie  of  Iron. — Muriatic  acid  disscdves  inm  and  its  oxides 
with  great  ease;  and  affords  two  distinct  salts,  differing  from 
each  other  according  to  the  state  of  oxidation  of  the  meta^ 
The  muriate  containing  the  black  oxide  is  green,  and  that 
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CBBtaioiiig  the  oxide  at  the  maximum  red.    Both  these  salts 
«t deliquescent,  aod  cannot  be  brought  to  crystallize. 

The  green  muriate  is  convertible  into  the  red  by  simple 
ofomre  to  the  atmosphere.  Berzelius  describes  a  striking 
operiment  ibunded  on  this  property.  If  a  solution  of  the 
grecD  muriate  be  exposed  to  the  atmosphere,  in  a  tall  cylin* 
drical  glass  jar,  for  some  days,  and  a  few  drops  ofpure  ammo* 
sb  be  then  introduced  at  di£ferent  depths  by  means  of  a  tube, 
the  precipitate  formed  near  the  surface  will  be  green ;  a  little 
lover  Uoe ;  still  lower  greyish ;  then  of  a  dirty  white;  and  at 
ihc  bottom  perfectly  white,  provided  time  has  not  been  allowed 
fiir  the  atmospheric  oxygen  to  penetrate  so  low. 

Pho^Jufie  of  Irtm. — Phosphoric  acid  acts  with  but  little 
energy  on  iron ;  but  both  the  oxides  of  iron  may  be  made  to 
comlnne  with  phosphoric  acid  by  double  affinity.  From  the 
fiized  solutions  of  green  sulphate  of  iron  and  phosphate  of 
ioda,  a  blue  precipitate  is  f<)rmed,  which  is  a  proio^phosphaie 
of  iron.  It  is  soluble  in  roost  acids,  and  precipitated  again 
bj  ammonia  without  change. 

The  per^phosphaie  is  formed,  by  mingling  the  solutions  of 

per-sulphate  of  iron  and  phosphate  of  soda,  when  an  insoluble 

yellowish  white  precipitate  results.     Both  these  phosphates 

have  been  analysed  by  Vogel ;  but  his  results  do  not  coincide 

ilricdy  with  any  atomic  proportions.  (Ann.  of  Phil.  xiii.  310.) 

Carbonate  of  Iron. — Tlic  only  oxide  of  iron,  so  far  as  is  yet 

known,  that  is  capable  of  uniting  with  carbonic  acid,  is  die 

protoxide.     The  combination  is  best  effected  by  mingling  the 

solutions  of  green  sulphate  of  iron  and  carbonate  of  potassa. 

Water  also^  impregnated  with  carbonic  acid  gas,  dissolves  pro* 

toxide  of  iron,  and  acts  on  the  metal  itself,  evolving  hydrogen 

gas  in  the  latter  case.     Carbonate  of  iron  is  found  native, 

consisting  of  1  atom  of  protoxide  +  1  atom  of  carbonic  acid» 

Ferro-cyanate  oflrorij  or  Pnissian  Blue. — The  process  for 

preparing  Prussian  Blue  consists,  essentially,  in  calcining  to* 

gether,  in  a  covered  crucible,  equal  weights  of  dried  bloodt 

hom  shavings,  or  almost  any  animal  substance^  and  carbonate 

of  pc^tassa;  then  lixiviating  the  product,  which  is  a  cyanide  of 

potassium;  and  mixing  the  liquid  (called  formerly  lixivium 
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iomguhih)  with  a  solution  of  two  parts  of  alum  and  one  of 
sulphate  of  iron.  The  precipitate,  which  has  a  dingy  green 
colour,  is  to  be  washed  first  with  muriatic  acid,  which  changes 
it  to  a  beautiful  deep  blue,  and  then  with  abundance  of  wafer. 
The  process,  however,  of  which  this  is  a  mere  outline,  is  one 
of  some  nicety,  and  requires  attention  to  a  number  of  minote 
observances,  the  detail  of  which  would  be  tedious ;  and  for 
which  I  refer,  therefore,  to  Martyn's  Abridgment  of  the  Phi- 
losophical Transiictions,  vol.  vii.  p.  747. 

Though  Prussian  blue  was  discovered  so  long  ago  as  the 
year  1710,  yet  its  true  nature  was  not  understood  till  Scheele, 
in  1782,  rendered  it  the  subject  of  an  excellent  essay,  published 
in  the  oollecdon  of  the  Royal  Academy  of  Stockholm,  and 
also  in  his  works.  (Essay  20,  21.)  It  had,  previously  to  that 
time,  been  examined  by  Macquer,  and  has  since  been  ably  in- 
vestigated by  Berthollet,  Proust,  Vauquelin,  Porrett,  Thom- 
son, Gay  Lussac,  Kobiqiiet,  and  Berzelius,  but  still,  as  it  ap- 
pears to  me,  without  our  having  attained  that  certainty  res- 
pecting its  composition,  which  we  have  acquired  respecting 
the  generality  of  chemical  compounds. 

The  Prussian  blue  of  commerce  is  an  im^iure  substance, 
and  contains  a  variety  of  other  matters,  especially  a  quantity 
of  alumine.  For  chemical  experiments,  it  is  proper,  therefore, 
to  prepare  it  by  mixing  the  solutions  of  ferro-cyanate  of  potassa 
mnd  persulphate  or  permuriate  of  iron,  and  washing  the  pre- 
cipitate, first  with  muriatic  acid,  and  then  with  water.  If  a 
salt  of  iron  be  used,  containing  an  oxide  at  the  minimum  of 
oxidation,  the  precipitate  produced  by  ferro-cyanate  of  potassa 
IS  white,  and  continues  so,  as  long  as  it  is  guarded  from  the 
action  of  the  atmosphere;  bat  it  changes  to  blue  by  exposure 
to  the  air,  or  by  mixture  with  any  agent  capable  of  imparting 
oxygen.  Potassa  is  always  foimd  as  an  ingredient  of  the 
white  prussiate. 

Pmssian  bine  is  insoluble  in  water,  and  in  acids,  nnfess 
when  they  are  concentrated  and  heated.  When  thomc^My 
dried,  it  shows  a  great  affinity  for  moisture,  by  absorbhng  it 
rapidly  from  the  atmosphere.  It  ia  not  decomposed  by  being 
liealed  to.dOT^  Fahr.;  but,  at  a  higheif  temperature,  it  eatebet 
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£re,  and  bams  in  the  manner  of  tinder,  leaving  from  54  to  60 
per  cent,  of  oxide  of  iron. 

When  prossian  blue  in  fine  powder  is  added  to  a  heated 
nlotion  of  pcitassa,  a  hydrated  peroxide  of  iron  is  separated, 
dieeolour  of  which  is  not  a  bad  indicator  of  the  value  of  the 
pigment  osed  in  the  arts ;  for  its  excellence  bears  a  proportion 
to  the  deep  redness  of  the  oxide.  TIic  liquor  is  a  solution 
of  the  salt,  which  has  already  been  described  as  the  ferr(h- 
qanate  of  potassa. 

When  prassian  blue  is  kept  in  contact  with  water  and  iron 
flings,  OT  with  sulphureled  hydrogen,  it  is  decomposed,  in 
comeqoence  of  the  de-oxidation  of  the  iron,  and  reduced  to 
ibe  state  of  die  white  compound :  but  this  again  becomes  blue 
on  restoring  oxygen. 

Pare  prussian  blue,  added  to  concentrated  sulphuric  acid, 
increases  in  volume,  and  becomes  white;  but  its  colour  is 
restored  on  adding  a  sufficiency  of  water.  Muriatic  acid  has 
no  action  on  it,  unless  when  concentrated  and  heated,  and  then 
(as  Robiquet  has  shown,  An.  de  Ch.  et  Phys.  xii.  284)  it  sepa- 
rates the  greater  part  of  the  oxide  of  iron,  leaving  a  crystal- 
lizable  substance,  analogous  to  that  which  is  obtained  by  de- 
composing ferro-cyanate  of  potassa  by  tartaric  acid,  and  which 
Mr.  Porrett  has  termed  ferrureited  chyazk  add. 

Besides  pmssian- blue,  there  appears,  from  Berzelius's  ex- 
periments (An.  of  Phil.  N.  S.  i.  444*),  to  be  another  blue  com- 
pound of  the  same  elements,  which  is  soluble  to  some  extent  in 
water.  Prussian  blue,  in  the  dingy  green  state  in  which  it  is 
first  precipitated  by  lixivium  sanguinis,  seems  also  to  contain 
an  excess  of  base,  which  muriatic  acid  removes.  There  are 
probably,  therefore,  three  compounds  in  which  the  peroxide, 
and  one  in  which  the  protoxide,  exists  as  the  base. 

Prussian  blue  submitted  to  distillation  per  se  gives  water, 
hjdro-cyanate  of  ammonia,  carbonic  acid,  and  other  gases. 

Respecting  the  nature  of  prussian  blue,  a  variety  of  opinions 
have  been  entertained,  and  it  is  still  a  subject  on  which  chemists 
are  by  no  means  agreed.  No  theory  respecting  it  can  be  en- 
titled to  notice  that  was  anterior  to  Gay  Lussac's  important 
discovery  of  cyanogen.  His  researches  led  him  to  believe, 
that  prussian  blue  is  a  compound  of  cyanogen  with  a  ferrugi- 


28  or   MBTALS.  CHAr.  IX. 

nous  base,  and  that  it  is,  therefore,  not  a  pnissiate^  but  a  cyanide; 
but  Vauquelin,  having  directed  his  attention  to  this  part  of 
the  subject,  was  still  induced  to  r^^rd  it  as  a  true  prussiate. 
According  to  Mr.  Porrett's  view,  it  is  a  compound  of  ferro* 
cyanic  acid  with  peroxide  of  iron.  Berzelius,  not  admitting 
tlie  existence  of  any  such  acid  as  the  ferro-cyanic,  regards 
Prussian  blue  as  a  compound  of  hydro-cyanate  of  protoxide 
of  iron  with  peroxide  of  iron,  in  proportions  admitting  of 
some  variation.  (Ann.  oFPiiil.  N.S.  i.  444.)  Robiquet,  on 
the  other  hand,  considers  it  as  a  cyanide  of  iron,  combined 
with  a  ferro-cyanatc  of  the  peroxide  and  with  water.*  The 
subject*  in  its  present  state,  ap|)cars  to  me  very  obscure,  and 
I  refer  the  reader  who  is  disposed  to  examine  it,  to  the  papers 
of  Berzelius  and  Robiquet  already  quoted. 

Tanno-gallale  of  Iron. — When  sulphate  of  iron  is  mixed 
with  an  infusion  of  galls,  we  obtain  a  black  solution,  which  is 
a  new  combination  of  oxide  of  iron,  with  the  gallic  acid  and 
tan.  Both  the  gallatc  and  tannnte  of  iron  are  essential  con- 
stituents of  writing  inks ;  the  other  ingredients  of  which  are 
chiefly  added  with  the  view  of  keeping  these  insoluble  com- 
pounds suspended. 

In  order  that  the  iron  may  unite  with  tlie  gallic  acid  and 
tan,  it  must  exist  in  combination  with  the  sulphuric  acid  in 
the  state  of  red  oxide ;  for  the  less  oxydized  iron,  in  the  green 
salt,  does  not  form  a  black  compound  with  these  substances. 
Iron  filings,  however,  dissolve  in  an  infusion  of  galls,  with  an 
extrication  of  hydrogen  gas;  but  the  compound  is  not  black 
till  after  exposure  to  air,  which  oxidizes  the  iron  still  farther. 
This  solution,  with  a  sufficient  quantity  of  gum,  forms  an  ex- 
cellent writing  ink. 

On  the  same  principle  may  be  explained  the  effect  of  me- 
tallic iron  in  destroying  the  colour  of  ink.  When  ink  is  di- 
gested with  iron  filings,  and  frequently  shaken,  its  colour  de- 
cays ;  and  it  also  becomes  colourless  after  having  a  stream  of 
aulpboreted  hydrogen  gas  passed  through  it.  In  both  tbeae 
cases  the  oxide  of  iron  is  partly  deoxidized.  Characters 
written  with  ink,  after  this  treatment,  are  at  first  illegible^ 


*  Aon.  4m  Cbim.  •(  Plijrt.  &ii.  and  %nu 
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he  become  \jimck  as  the  iron  acquires  oxygen  again   from 
Aesir. 

The  combination  of  iron,  forming  ink,  is  destroyed  by 
pre  and  carbonated  alkalis.  Apply  a  solution  of  alkali  to 
danders  written  with  common  ink,  the  blackness  will  dis- 
i^war,  ami  tbe  characters  will  become  brown,  an  oxide  of 
ra  only  remaining  on  the  paper.  Alkalis,  added  cautiously 
tolkiBid  ink,  precipitate  tbe  black  combination,  but  an  excess 
sf  sDcali  rc^iasolves  the  precipitate. 

Characters,  which  have  been  efiaced  by  alkalis,  may  again 
be  rendered  legibje  by  an  infusion  of  gnlls. 

Ink  is  also  decomposed  by  most  acids,  which  separate  the 
exide  of  iron  from  the  gallic  acid«  in  consequence  of  a  stronger 
sfinity.  Hence  ink  stains  are  remoyed  by  dilute  muriatic 
sdd,  and  by  some  vegetable  acids.  Hence,  also,  if  to  a  sa* 
torated  eolation  of  sulphate  of  iron  there  be  added  nn  excess 
oTscid,  the  precipitate  no  longer  appears  on  adding  infusion 
ofgaUs.  When  a  mixture  of  ink  with  nitric  acid  is  heated, 
the  yellow  oxalate  of  iron  is  formed,  and  is  precipitated  on 
adding  pure  ammonia. 

Ink  is  decomposed  by  age,  partly  in  consequence  of  the 
&rther  oxidation  of  the  iron,  and  partly,  perhaps,  in  conse- 
quence <yf  the  destruction  of  the  acid  of  galk.  Hence  ink- 
stains  degenerate  into  iron-moulds,  and  these  last  are  imme- 
diately produced  on  an  inked  spot  of  linen  when  washed  with 
sosp,  because  the  alkali  of  the  soap  abstracts  the  gallic  acid, 
snd  leaves  only  an  oxide  of  iron.  Ink  is  decomposed  also  by 
dilorine,  which  destroys  the  gallic  acid,  and  the  resultin^^ 
muriatic  acid  dissolves  the  oxide  of  iron. 

As  all  writing  inks,  into  the  composition  of  which  iron 
enters,  are  liable  to  decay  by  time,  and  to  be  destroyed  by 
ftrioos  agents,  an  ink  has  been  proposed  by  Mr.  Close,  the 
bisis  of  which  is  similar  to  that  of  printing  ink. — Take  oil  of 
hvender  200  grains,  gum  copal,  in  powder,  25  grains,  and 
Ismp-black  from  24-  to  5  grains.  With  the  aid  of  a  gentle 
beat  dissolve  the  copal  in  the  oil  of  lavender  in  a  small  phialf 
and  then  mix  the  lamp  black  with  the  solution,  on  a  marble 
dab,  or  other  smooth  surface.  After  a  repose  of  some  hours, 
the  ink  must  be  shaken  before  use,  or  stirred  with  an  iron 
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wire,  and  if  too  thick,  must  be  diluted  with  a  little  oil  of  la* 
vender.*  This  ink  I  have  found  extremely  useful  in  writing 
labels  for  bottles  which  contain  acids,  or  which  are  exposed 
to  acid  fumes  in  a  laboratory* 

Succinate  of  Iron. — The  succinic  acid  composes  with  iron  a 
brown  mass,  insoluble  in  water.  The  combination  is  best  ef« 
fected  by  double  decomposition,  and  especially  by  the  addition 
of  a  solution  of  succinate  of  ammonia  to  the  salts  of  iron. 
A  brown  red  precipitate  of  succinate  of  iron  falls  down^ 
This  precipitate  Klaproth  exposes  to  heat,  first  by  itself,  and 
afterwards  mixed  with  a  small  quantity  of  linseed  oil*  The 
£rst  operation  destroys  the  acid,  and  the  second  reduces  the 
metal  to  the  state  of  black  oxide.  Now,  as  the  black  oxide 
<x)ntains,  in  100  parts,  77.2  of  metallic  iron,  the  precipitation 
of  a  solution,  by  succinate  of  ammonia,  affords  a  ready  method 
of  estinuiting  the  quantity  of  iron  in  any  solution  of  that  metai^ 
or  in  any  of  its  salts. 

Acetate  of  Iron. — The  acetic  acid,  or  even  common  vinegar, 
acts  slowly  upon  iron,  and  forms  a  solution,  which  is  of  great 
use  in  dyeing  and  calico-printing.  The  acetate  of  iron  may, 
also,  be  obtained  by  double  decomposition,  if  we  mingle  the 
solutions  of  acetate  of  lime  or  of  lead  with  one  of  sulphate  of 
iron.  It  may  be  formed,  also,  by  boiling  acetate  of  lead  with 
metallic  iron,  which  precipitates  the  lead  in  a  metallic  state* 
This  combination  of  iron  with  acetous  acid  may  exist,  like 
its  other  salts,  in  two  dilfcrent  states.  In  the  one,  the  oxide  is 
at  the  minimum,  and  in  the  other  at  the  maximum  of  oxida- 
tion. It  is  the  latter  salt  chiefly,  which  is  adapted  to  the  use 
of  the  dyer  and  calico-printer. 

Sulphuret  <f  Iron. — Iron  combines  with  sulphur,  and  af- 
fords compounds,  the  characters  of  which  vaiy  greatly  accord- 
ing to  the  proportions  of  their  components,  (a)  A  paste  of 
iron  filings,  sulphur,  and  water,  if  in  sufiicient  quantity,  will 
burst,  after  some  time,  into  flame,  {b)  A  mixture  of  one  part 
of  iron  filings  and  three  parts  of  sulphur,  accurately  mixed,  and 
melted  in  a  glass  tube,  at  the  moment  of  union  exhibits  a 
brilliant  combustion.    The  best  method,  however,  of  efiectiog 
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tbe  combination  of  iron  and  sulplmr  is  to  take  a  bor  of  the 
metal,  while  of  a  glowing  beat,  from  a  smitb's  forge,  and  to 
rub  it  with  a  rdl  of  sulphur.  The  compound  of  iron  and 
sulphur  falls  down  in  drops,  and  may  be  preserye<l  in  a  phiaL 
Of  the  compounds  of  sulphur,  this  is  one  of  those  which  are 
best  adapted  for  afibrding  pure  sulphureted  hydrogen  gas 
with  diluted  acids,  (c)  The  sulpliuret  of  iron,  when  moi^ 
tened,  rapidly  decomposes  oxygen  gas,  and  passes  to  the  state 
of  sulphate,  (d)  When  diluted  sulphuric  or  muriatic  acid  is 
poured  on  it,  we  obtain  sulphureted  hydrogen  gas. 

In  tbe  sulphuret,  made  artificially  by  fusion,  as  well  as  in 
the  native  sulpburet,  iron  (it  has  been  shown  by  Proust  and 
Mr.  Hatchett)  is  in  the  metallic  state.  Two  compounds  of 
iron  and  sulphur  have  been  proved  to  exist,  tbe  one  with  a 
smaller,  the  other  with  a  larger  proportion  of  sulphur.  The 
former,  which  is  distuiguished  by  the  property  of  being  mag- 
netic, is  the  prolo^sulpliureL  The  bi^sulphuret  is  known  only 
as  a  natural  product;  it  is  not  magnetic;  is  nearly  insoluble 
in  diluted  sulphuric  and  muriatic  acids;  and  gives  no  sul- 
phureted hydrogen  gas  with  acids.  But  the  proto-sulphuret 
if  readily  soluble  in  dilute  acids,  and  gives  during  solution 
abundance  of  sulphureted  hydrogen.     It  is  composed  of 

Atoms. 

Iron 63 100 1  =28 

Sulphur 37 58.7.0 1  =  16 


100.  44> 

And  the  bi-sulphuret  is  composed  of 

Iron 46.08 JOO 1  =28 

Sulphur 55.92 Iii7 2  =  32 

100.  60 

Though  tbe  artificial  sulpburet  varies  in  its  composition,  yet 
it  is  probable  that  these  varieties  arc  occasioned  by  the  sulpbu* 
ret  being  mechanically  mixed  with  difierent  proportions  of  me- 
tallic iron.  The  fbr^poing  appear  to  be  the  only  well  ascer- 
tained and  definite  compounds  of  iron  and  sulphur;  and  the 
analysis  of  tbem  by  Beinelius,  it  may  be  observed,  agrees  very 
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nearly  with  thai  of  Proust,  and  indeed  does  not  difler,  as  to 
either,  one  percent.  If  thejproto-sulphuret  be,  as  is  consistent 
with  idl  we  know  at  present,  that  compound  in  which  sulphur 
exists  in  the  smallest  proportion,  this  would  be  unfavourable  to 
the  notion  of  any  oxide  of  iron  with  less  oxygen  than  the  bhidc 
oxide.  For  in  almost  every  other  instance,  the  protoxide  of 
a  metal  contains  a  quantity  of  oxygen  equal  to  half  the  suU 
phur  in  the  proto-sulphuret,  a  coincidence  sufficiently  ex* 
plained  by  admitting  both  to  be  binary  compounds^  in  the 
sense  of  the  word  annexed  to  it  by  Mr.  Dalton,  and  that  the 
weight  of  the  atom  of  oxygen  is  just  half  the  weight  of  the 
atom  of  sulphur.  Gay  Lussac  contends  for  the  existence  of 
three  sulphurcts  corresponding  to  his  supposed  three  oxides 
of  iron  ;*  but  the  details  of  the  experiments  establishing  their 
existence  still  remain  to  be  published. 

Carburet  of  Iron. — Iron  combines  with  carbon  in  various 
proportions ;  and  the  varieties  of  proportion  occasion  great  dif* 
ferences  of  properties  in  the  compounds.  On  these  varieties, 
and  the  occasional  combination  of  a  small  proportion  of  oxygen, 
depend  the  qualities  of  the  different  kinds  of  iron  used  in  the 
arts,  as  cast  iron,  steel,  &c.  8cc.  The  quantity  of  carbon,  in 
the  sub-carburets  of  iron,  may  be  determined  by  solution  in 
sulphurous  acid,  which  dissolves  the  iron  and  sulphur,  and 
has  no  action  on  carbon.  An  ingenious  mode  of  analysis,  em- 
ployed by  Mr.  Mushct,  consists  in  ascertaining  the  quantity 
of  litharge  which  a  given  quantity  of  the  iron  under  exami* 
nation  is  capable  of  reducing,  by  fusion,  to  a  metallic  state. 

There  can  scarcely  be  a  more  striking  example  of  essential 
diflerences  in  external  and  physical  characters  being  pro- 
duced by  slight  diiFerences  of  chemical  composition,  than  in 
the  carburets  of  iron  ;  for  steel  owes  its  properties  to  not  more 
than  from  ^V  ^^  tt  o^l^  '^  weight  of  carbon.  Tliis  appears  to 
be  the  only  addition  necessary  to  convert  iron  into  steel ;  for 
though  it  is  proved  that  the  best  steel  is  made  from  iron  which 
has  been  procured  from  ores  containing  manganese,  yet  care- 
ful and  skilful  analysis  discovers  no  manganese  in  steel .f 

Cast  or  crude  iron^  besides  casual  impurities,  contains  oxy- 

•  80  Ann.  &%  China.  170.  f  Ann.  de  Chim.  •t  Plijt.iii. 
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gen,  carbon,  and  the  metal  of  silica ;  but  its  di£ference8  depend 
chiefly  on  the  various  proportions  of  carbon,  which  is  greatest 
in  the  black,  and  least  in  the  grey,  variety  of  iron.  Berze* 
lias,  indeed,  denies  the  presence  of  oxygen  in  cast  iron,  and 
anerts  that  its  differences  of  quality  are  produced  by  variable 
proportions  of  charcoal,  manganese,  and  the  metallic  bases  of 
magnesia,  lime,  and  silica.*  By  the  process  of  refining,  or  pud* 
itingf  as  it  is  called,  which  is  well  described  by  Dr.  Beddoes  in 
the  8 1st  vol.  of  the  Philosophical  Transactions,  cast  is  converted 
into  malleable  iron  ;  the  carbon  and  oxygen  unite  together, 
and  escape  in  the  form  of  carbonic  oxide ;  while  another  part 
of  the  oxide  of  iron  unites  to  the  earthy  matter,  and  rises  to 
the  surface  in  the  form  of  a  dense  slag.  A  large  quantity  of 
impurities  is  afterwards  mechanically  squeezed  out,  by  passing 
the  bars  of  iron  between  rollers.  After  this  process,  it  forms 
malleable  or  bar  iron,  which,  though  the  purest  form  of  iron  of 
commerce^  may  be  considered  as  iron  still  holding  some 
oxygen  and  carbon  in  combination,  the  latter  of  which,  even  in 
very  ductile  iron,  amounts,  according  to  Berzelius,  to  about 
<me  half  per  cent.  Hassenfratz  has  suggested  that  iron,  which 
has  been  manufactured  with  wood  charcoal,  may  probably 
eontain  potassium,  and  may  owe  its  superiority  to  this  circum- 
stance ;  and  Berzelius  has  rendered  it  probable  that  even  the 
most  ductile  iron  contains  silicium.t 

If  bar  iron  be  long  and  slowly  heated,  in  contact  with  char- 
coal, it  loses  oxygen  and  acquires  carbon,  and  thus  becomes 
tteeL  A  small  proportion  only  of  carbon,  united  with  iron,  is 
not  capable  of  depriving  it  entirely  of  the  properties  of  mallea- 
ble iron ;  for  though  it  becomes  a  good  deal  harder,  yet  it  may 
itiil  be  welded.  By  union  with  a  still  farther  quantity  of  car- 
bon, it  loses  altogether  the  property  of  welding ;  is  rendered 
birder  and  more  compact;  and  forms  the  fine  cast  steel. 
Steel,  therefore,  though  like  cast  iron  it  contains  carbon,  yet 
differs  from  it  essentially  in  being  destitute  of  oxygen  and 
earthy  matter.  The  charcoal,  which  it  contains,  may  be  ex- 
hibited in  the  form  of  a  black  stain,  on  applying  a  drop  of 
almost  any  weak  acid  to  the  surface  of  polished  steel. 


*  40  PhiL  Mag.  p.  1^45.  t  78  Ann  dc  Chim.  p.  233. 
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Steel,  when  ignited  and  sudd6illy  cooled,  is  tendered  so  hard 
and  brittle  as  to  be  unfit  for  any  useful  purpose.  To  remove 
this  defect,  it  requires  what  is  called  tempering^  which  consists 
in  heating  it  up  to  a  point  that  varies  with  the  object  to  which 
the  steel  is  destined.  When  thus  heated,  it  assumes  various 
colours,  which  were  formerly  the  only  guide  for  judging  of 
the  degree  of  temper ;  but  this  is  now  much  better  ascertained 
by  using  a  bath  of  mercury  or  fusible  metal,  and  regulating 
its  temperature  by  the  thermometer,  which  may  range  from 
400^  to  600^  Fahr.  according  to  the  use  for  which  the  steel  is 
intended. 

Steel  admits  of  being  alloyed  with  several  other  metals,  and 
the  alloys,  as  appears  from  a  recent  investigation  of  Messrs. 
Stodart  and  Faraday  (Phil.  Trans.  1822),  are  applicable  to 
various  important  uses.  The  silver  alloy,  containing  about 
3-^  of  that  metal,  may  be  advantageously  applied  to  every 
purpose  for  which  good  steel  is  required.  With  -pi^  of  plati- 
num, steel  acquired  such  an  increase  of  toughness  as  well  as  of 
hardness,  as  fully  to  compensate  its  additional  cost.  With 
rhodium,  as  well  as  with  iridium  and  osmium,  very  valuable 
compounds  were  obtained ;  but  till  these  metals  can  be  had  at 
less  cost  and  in  greater  quantity,  their  compounds  with  steel 
can  be  of  little  practical  use,  except  for  small  and  delicate  in- 
struments. In  the  analysis  of  these  alloys,  Mr.  Faraday  re- 
marked that  some  of  them,  especially  that  into  which  platina 
entered  in  the  proportion  of  not  more  than  y^th,  was  acted 
on  with  great  energy  by  dilute  sulphuric  acid,  gas  being 
evolved  very  rapidly,  and  the  alloy  dissolved  in  a  time  during 
which  pure  steel  was  scarcely  affected.  This  effect,  he  ascribes 
to  the  formation  of  a  Voltaic  combination  by  the  two  metals. 
It  could  not  be  owing  to  the  mere  separation  of  the  particles 
of  steel  by  the  interposed  foreign  metal;  for  the  effect  was  di- 
minished by  increasing  the  proportion  of  platina. 

Another  combination  of  iron  and  carbon,  which  is  a  true 
carburet  of  iron,  is  the  substance  called  phimlago,  or  black- 
lead,  used  in  fabricating  pencils,  and  in  covering  iron  to  pre- 
vent rust.  By  exposure  to  the  combined  action  of  heat  and 
air,  the  carbon  is  burned  off,  and  the  oxide  of  iron  remains. 
When  mingled  also  with  powdered  nitrate  of  potassa,  and 
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thrown  into  a  crucible,  a  deflagration  ensues ;  and  peroxide 
of  iron  may  be  obtained  by  washing  off  the  alkali  of  the  nitre. 
From  the  experiments  of  Messrs.  Allen  and  Pepys,  it  appears 
that  pure  plumbago,  when  burnt  in  oxygen  gas,  leaves  a  residue 
of  oxide  of  iron  amounting  only  to  about  5  per  cent. ;  and 
that  it  gives  very  nearly  the  same  quantity  of  carbonic  acid,  by 
combustion,  as  the  diamond  and  charcoal.  When  intensely 
heated  in  a  Toricellian  vacuum  by  a  Voltaic  battery,  Sir  H. 
Davy  found  that  its  characters  remained  wholly  unaltered. 
Neither  could  any  evidence  of  its  containing  oxygen  be  de- 
rived from  tlie  action  of  potassium.^  But  when  exposed  to 
the  focus  of  a  powerful  lens  in  oxygen  gas,  it  was  observed  that 
the  gas  became  clouded  during  the  process,  and  that  there 
was  a  deposition  of  dew  on  the  interior  surface  of  the  glass 
globe ;  a  fact  which  indicates  that  plumbago,  like  charcoal, 
contains  a  small  proportion  of  hydrogen. 

Iron  unites  with  various  other  metals.  With  potassium  and 
sodium,  it  forms  alloys  more  fusible  and  whiter  than  iron,  and 
which  effervesce  when  added  to  water.  Stromcyerf  has  in- 
vestigated the  alloy  of  iron  and  silicium.  It  is  formed  by 
beating  together  iron,  silica,  and  charcoal.  The  alloy  is  dis- 
solved very  slowly  by  acids,  for  it  becomes  covered  with  a 
coat  of  silica,  which  defends  it  from  farther  action,  till  it  has 
been  removed.  Manganese  forms  a  white  and  brittle  alloy 
with  iron.  Iron,  also,  forms  an  alloy  with  tin  ;  and  iron  plates, 
previously  cleaned  by  a  dilute  acid,  may  be  covered  with  tin 
by  dipping  them  into  that  metal  when  melted.  The  process 
has  been  fully  described  by  Mr.  Parkcs  in  the  third  vol.  (new 
leries)  of  the  Manchester  Society's  Memoirs,  and  in  the  8th 
vol.  of  the  Quarterly  Journal. 


SECTION  XVII. 

Tin. 

The  properties  of  tin  must  be  exan)ined  in  the  state  of 
grain-tin  or  block-tin;  what  is  commonly  known  by  the 
name  of  tin,  being  nothing  more  than  iron  plates  with  a  thin 

*  Phik>sophical  Trfmsactiont,  1809.  f  8l  Ann.  de  Chim. 
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and  have  a  white  colour.  They  are  soluble  in  an  excess  of 
fixed  alkali ;  but  the  oxide  is  precipitated  by  the  weakest  acid, 
even  the  carbonic.  The  hydrates  of  tin  are,  also,  decomposed 
by  the  action  of  boiling  water.  Dr.  Thomson  has  described 
two  hydrates,  the  one  composed  of  100  peroxide  and  24  water, 
which  corresponds  with  two  atoms  of  water,  and  one  of  oxide ; 
the  other,  of  100  peroxide  and  48  water,  in  which,  of  course, 
one  atom  of  peroxide  is  united  with  four  of  water. 

Chloride  of  Tin, — Tin  may  be  brought  to  combine  with 
chlorine,  by  first  forming  six  parts  of  it  into  an  amalgam  with 
one  of  mercury,  triturating  this  with  30  parts  of  corrosive  sub- 
limate, and  distilling  the  mixture  from  a  glass  retort  into  a  ca- 
pacious receiver,  taking  care  to  raise  the  heat  very  gradually. 
Or  the  same  compound  may  be  formed,  according  to  Proust, 
by  distilling  a  mixture  of  eight  ounces  of  powdered  tin  and 
twenty -four  ounces  of  corrosive  sublimate.  The  result  is  a 
liquid  which  emits  dense  white  fumes,  when  exposed  to  the  air, 
and  was  formerly  termed  the  fuming  liquor  of  Libavius,  It 
gives  no  precipitate  with  muriate  of  gold  or  muriate  of  mer- 
cury; affords  a  yellow  sediment  with  hydro- sulphuret  of  po- 
tassa ;  dissolves  a  farther  portion  of  the  metal  without  efferves- 
ence,  and  is  then  changed  into  the  common  muriate.  It  has 
the  property  of  inflaming  oil  of  turpentine  when  suddenly 
poured  into  that  liquid. 

This  compound,  carefully  examined  by  Adet,  is  proved  to 
be  a  per-chloride  of  tin,  perfectly  free  from  water,  and  having 
a  strong  affinity  for  that  fluid.  Hence  arises  its  fuming  pro- 
perty; for  the  white  vapours,  which  exhale  when  the  bottle 
is  imstopped,  arise  from  the  union  of  the  salt  with  the  mois- 
ture of  the  air.  It  may  be  formed  at  once,  by  heating  tin  in 
chlorine  gas;  and  it  consists,  according  to  Dr.  Davy,  of  59 
tin,  and  72  chlorine,  or, 

Atoms. 

Perchloride . .  IS  • :  *  •  t«   "*•  To   ""  l  "  fo 

tChlonnc  55   ....  122    ....  2  =  72 


100  131 


Another  compound  of  tin  and  chlorine,  called  proiochloride 

of  tiny  may  be  obtained  by  heating  an  amalgam  of  tin  and  mer- 

cury  with  calomel.    It  dissolves  in  water,  and  forms  a  solutioi^ 


SJBCT.  XVII.  TIN.  39 

similar  to  the  muriate  of  the  protoxide,  which  rapidly  absorbs 
oxygen  from  the  air,  and  deposits  peroxide  of  tin.  It  is  com- 
posed of  59  tin  and  36  chlorine,  or 

Atom. 

Pc^^chwd...  (S-h;^  ;;;:■»:;::  J  rs 

100  95 

The  results  of  the  analysis  of  the  chlorides  agrees  sufficiently 
with  that  of  the  oxides  of  tin,  to  render  it  probable  that  59  is 
Tery  near  the  true  equivalent  of  that  metal. 

Chlorale  of  tin  is  unknown. 

Iodide  of  I'm  f  formed  either  by  the  direct  combination  of  tin 
with  iodine,  or  by  adding  hydriodic  acid  to  protomuriate  of 
tin,  is  an  orange  coloured  substance.  The  proportion  of  its 
elements  has  not  been  ascertained. 

Sulp/uiie  of  Tin. — Tin  dissolves  in  sulphuric  acid,  which 
takes  up,  when  concentrated  and  heated,  half  its  weight  of 
metal.  It  is  dissolved  also  by  this  acid,  diluted  with  about  a 
fourth  its  weight  of  water,  and  heated.  During  both  these 
processes,  sulphurous  acid  is  disengaged ;  and,  in  the  latter, 
a  pellicle  of  sulphur  forms  on  the  surface  of  the  solution,  which 
precipitates  on  cooling.  When  saturated,  the  solution  depo- 
sits, after  a  while,  needle-shaped  crystals  of  sulphate  of  tin. 
If  the  sulphate  be  long  boiled,  a  copious  white  precipitate  sub- 
sides, which  will  not  again  dissolve.  It  is  composed  of  the 
white  oxide  retaining  only  a  small  portion  of  acid,  and  con- 
stituting in  fact  a  subsulphale. 

Nitrate  of  Tin. — When  nitric  acid  highly  concentrated  is 
poured  upon  tin  filings,  very  litt)e  effect  is  produced ;  but 
when  a  small  quantity  of  water  is  added,  a  violent  effervescence 
follows ;  and  the  metal  is  reduced  to  a  bulkv  powder,  which 
is  the  white  oxide  retaining  a  little  acid.  If  more  water  be 
added,  an  acid  liquor  is  obtained,  holding  very  little  tin  in 
solution  ;  and  containing  nitrate  of  ammonia,  the  alkaline  base 
of  which  is  formed  by  the  simultaneous  decomposition  of  the 
water  and  nitric  acid,  and  the  union  of  the  hydrogen  of  the 
former  with  the  nitrogen  of  the  latter.    Tin,  however,  is  slowly 


iO  OF  MSTAL3.  CBAP.  IX. 

diiiolTed,  without  effervescence^  in  nitric  acid  greatly  diluted. 
The  solution  is  yellow,  and  deposits  oxide  of  tin  by  keeping. 

Muriate  of  Tin. — Muriatic  acid,  undiluted,  is  the  proper 
solvent  of  tin.  To  one  part  of  tin,  in  a  tubulated  retort,  two 
parts  of  concentrated  muriatic  acid  are  to  be  added,  and  beat 
applied.  The  solution  is  complete,  with  the  exception  of  a 
small  quantity  of  black  powder,  which  consists  of  protoxide  of 
copper  ;*  and  the  acid  takes  up  about  one-fourth  of  its  weight 
of  tin.t  The  solution  has  always  an  excess  of  acid ;  is  per- 
fectly limpid  and  colourless ;  and  contains  the  metal  at  the 
minimum  of  oxidation.  It  has  a  tendency,  however,  to  ac- 
quire a  farther  proportion  of  oxygen,  and  should,  therefore, 
be  carefully  preserved  from  contact  with  the  air.  This  pro- 
perty of  absorbing  oxygen  is  so  remarkable,  that  it  may  even 
be  applied  to  eudiometrical  purposes.  Froto-muriate  of  tin 
has,  also,  the  property  of  reducing,  to  a  minimum  of  oxidation, 
those  compounds  of  iron,  in  which  the  metal  is  fully  oxidized ; 
for  example,  it  reduces  the  red  sulphate  to  the  green.  It  is  a 
test  also  of  gold  and  platinum,  as  already  noticed,  and  blackens 
the  solution  of  corrosive  sublimate.  With  hydro-sulphurets 
it  gives  a  black  precipitate.  The  proto-muriate  of  tin  appears 
to  be  composed  of  67  protoxide  +  37  muriatic  acid,  or  of 

Muriatic  acid . .  S5.B   ....  100   ....     55 
Protoxide  of  tin  64.5    ....  182   ....  100 


100. 

Beside  this,  there  is  a  submuriaiey  first  described  by  Proust, 
and  analyzed  by  Dr.  Davy,  consisting  of  1S4  protoxide  +87 
acid,  or  of 

Muriatic  acid 19.0    •••••.  100 

Protoxide 70.4   •  364 

Water 10.6 


100. 


*  Thornson'fr  ADnalt»  x.  71. 

t  Oo  die  preparation  of  muriate  of  tin^  see  Berard,  Annales  de  Chimie, 
Ixviii.  78;  or  NichoUon^s  Journal,  xxvi.j  andChaudet,  Ann.  de  China,  et 
Pfays.  iii.  376. 
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Niiro'muruiie  ^Tin.'^The  nitro-moriatic  acid  (formed  by 
fflixiog  two  or  three  parts  of  muriatic  acid  and  one  of  nitric) 
diiiolTes  tin  abundantly,  with  violent  efferyescence,  and  with 
»  much  heaty  that  it  is  necessary  to  add  the  metal  slowly  by 
nccesstve  portions.  The  solution  is  apt  to  congeal  into  a 
tremolooa  gelatinous  mass;  and  if  water  be  added,  it  is  partly 
decomposed,  and  some  oxide  separated.  The  solution,  used 
by  the  scarlet  dyers,  is  prepared  with  that  dilute  nitric  acid 
called  single  aqua-fortis,  to  each  pound  of  which  arc  added 
from  one  to  two  ounces  of  the  muriate  of  soda  or  ammonia. 
This  compound  acid  is  capable  of  taking  up  about  an  eighth 
its  weight  of  tin. 

Jceiaie  of  Tin. — ^Acetic  acid  (distilled  vinegar)  by  digestion 
with  tin  filings  takes  up  a  portion  of  the  metal,  and  acquires 
sn  opalescent  or  milky  appearance.  The  solution  is  decom- 
posed by  tlie  action  of  the  air,  and  deposits  an  insoluble  oxide. 

Tin  dissolves  in  tartaric  acid ;  and  the  solution  is  applied  to 
the  useful  purpose  of  wet-iinningj  the  process  for  which  is  de- 
icribed  in  Aikin's  Dictionary,  ii.  427. 

Sulpliuret  of  Tin. — Tin  unites  with  sulphur,  but  requires, 
for  its  combination,  so  high  a  temperature,  that  at  the  moment 
of  union  there  is  too  small  a  quantity  of  sulphur  present,  to 
saturate  the  tin,  and  a  mechanical  mixture  results  of  tin  and 
solphuret  of  tin.  The  only  metliod  of  obtaining  the  saturated 
iulphuret,  is  to  melt  tlie  aurum  musivum^  which  will  presently 
be  described,  in  close  vessels.  The  proto-sulphuret  is  of  a 
bluish  colour  and  lamellated  structure.  It  is  composed,  ac- 
cording to  Dr.  John  Davy  and  Berzelius,  of  59  tin  +  16  sul- 
phur, or 

Tin 78.6   100. 

Sulphur 21.4    27.234 

100.  127.234 

The  second  sulphuret,  or  bi^sulphuret  of  tin  {aurum  tnusi" 
nanj)  is  formed  by  heating  sulphur  with  peroxide  of  tin,  or 
by  heating  in  a  mattrass  a  powdered  amalgam  of  12  parts  of 
tin  and  6  of  mercury,  mixed  with  7  parts  of  flowers  of  sulphur 
and  6  of  muriate  of  ammonia.    A  gentle  heat  is  to  be  applied 
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till  the  white  fumes  cease  to  appear,  when  the  heat  is  to  be 
raised  to  redness,  and  kept  so  for  some  time.  On  cooling,  the 
aurum  musivum  may  be  obtained  by  breaking  the  mattrass. 
It  is  of  a  beautiful  gold  colour,  and  flaky  in  its  structure. 
Proust  was  of  opinion  that  it  is  a  sulphureted  oxide ;  but  Dr. 
Davy  and  Berzelius  have  shown  that  the  tin  is  in  a  metallic 
state.  According  to  the  former,  it  consists  of  59  tin  +  32 
sulphur,  or. 

Tin 6i.5    100. 

Sulphur 35.5    54'.5 

100.  154.5 

Berzelius,  by  re-distilling  bi-sulphuret  of  tin  with  sulphur, 
obtained  a  compound  of  a  greyish  colour  and  metallic  lustre, 
which  he  found  to  be  composed  of  100  tin  and  40.851  sulphur, 
or  exactly  intermediate  between  the  two  which  have  been 
already  described.  It  is  probable,  however,  that  it  was  merely 
a  mixture  of  the  two  sulphurets,  and  not  a  distinct  compound. 

Tin  forms  useful  alloys  with  many  of  the  metals.  Pewter 
is  one  of  these ;  and  the  best  kind  of  it  is  entirely  free  from 
lead,  being  composed  chiefly  of  tin  with  small  proportions  of 
antimony,  copper,  and  bismuth.*  An  amalgam,  formed  by 
gradually  adding  three  parts  of  mercury  to  twelve  of  tin  melted 
in  an  iron  ladle,  and  stirring  the  mixture,  is  much  used  in  the 
silvering  of  looking  glasses.  A  mixture  of  tin  and  lead,  in 
about  equal  parts,  composes  the  common  plumbers'  solder. 
Tin  enters,  also,  into  the  composition  of  bell-metal  and  bronze  ; 
and  one  of  the  most  useful  applications  of  it  is  to  the  tinning 
of  iron  plates,  which  is  effected  by  dipping  the  plates  into 
melted  tin.  The  process,  however,  requires  several  prelimi- 
nary steps,  which  are  described  in  Watson's  Chemical  Essays, 
vol.  ix.,  and  in  Mr.  Parkes's  Essay  in  the  Manchester  Society's 
Memoirs. 


*  On  the  alloya  of  tin,  a  memoir  of  M.  Dussausoy  may  be  consulted  in 
the  5th  vol.  of  Ann.  de  Chim.  et  Pbys. ;  siud  Mc.  Cbaudet's  paper  in  th« 
tome  and  in  the  7th  volumes. 
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SECTION  XVIII. 

Cadmium. 

Cadmium  was  discovered,  in  the  autumn  of  1817,  by 
Slromeyer,  in  an  oxide  of  zinc,  which  had  been  prepared  for 
medicinal  use  from  an  ore  of  zinc  brought  from  Silesia.  He 
ascertained  its  principal  properties  and  combinations;  and 
has  since  extracted  it  from  various  other  ores  of  zinc*  Dr. 
Clarke  has  shown  that  it  exists  in  the  ores  of  zinc  from  Der- 
byshire and  Mendip,  and  in  the  zinc  of  commerce;  f  and 
Mr.  Herapath  of  Bristol  has  pointed  out  an  abundant  source 
of  it  in  the  sublimate,  which,  in  the  process  for  obtaining 
zinc  by  distillation,  rises  before  the  zinc,  in  what  the  workmen 
call  the  brown  blaze.  Of  this  sublimate,  which  is  attached  to 
the  roof  of  the  vault,  it  forms  from  12  to  20  per  cent4 

The  presence  of  cadmium,  in  an  ore  of  zinc  suspected  to 
contain  it,  may  be  discriminated  by  directing  the  blue  flame 
of  a  candle  upon  a  small  fragment  placed  on  a  slip  of  pla- 
tinum foil.  If  any  cadmium  be  present,  its  oxide  will  be  re- 
duced, volatilized,  and  carried  along  the  slip  of  platinum, 
coating  it  with  its  peculiar  reddish-brown  oxide.  Dr.  Wol- 
laston^  to  detect  cadmium,  dissolves  the  ore  of  zinc  in  muri- 
atic acid,  gets  rid  by  heat  of  the  excess  of  acid,  and  adds 
distilled  water.  All  the  metals  that  iron  will  precipitate  be 
removes  by  a  rod  of  iron,  and  filters  the  liquor  into  a  pla- 
tinum capsule  containing  a  piece  of  zinc.  The  cadmium,  if 
any  be  present,  will  coat  over  the  surface  of  the  capsule  with 
a  precipitate  of  a  dull  leaden  hue,  and  will  adhere  so  firmly 
that  it  may  be  washed,  and  thus  freed  from  any  remaining 
solution  of  zinc.  Muriatic  acid  will  dissolve  the  lead  coloured 
precipitate  with  efiervescence,  and  either  carbonated  or  caustic 
potassa  will  yield  a  white  precipitate ;  which  may  be  tested 
before  the  blow-pipe  in  the  manner  already  described. 

To  separate  cadmium  from  the  ores  of  zinc,  Stromeyer 
dissolves  the  ore  in  sulphuric  acid;  and  through  the  solution, 
which  ought  to  contain  an  excess  of  acid^  sends  a  current  of 

«  Amu  of  PbiU  liy.  2^69.    f  Ibid.  xv.  ^n,  and  N,  S.  iii.  183.    { Ibid.  435. 
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sulphureted  hydrogen  gas.     The  precipitate  is  well  washed,  ^ 
dissolved  in  concentrated  muriatic  acid,  and  the  excess  of  acid  ^ 
expelled  by  evaporation.     The .  residue  is  dissolved  in  water,  , 
and  precipitated  by  carbonate  of  ammonia,  an  excess  of  which  ^ 
must  be  added,  to  re-dissolve  any  zinc  or  copper  that  may  ^ 
have  been  thrown  down  by  the  sulphureted  hydrogen  gat. 
Carbonate  of  cadmium   alone  remains,  which,  after  being   , 
heated  to  drive  off  the  carbonic  acid,  is  reduced  by  mixing 
it  with  lamp  black,  and  exposing  it  to  a  moderate  red  heat  in 
a  glass  or  earthen  retort. 

Cadmium  resembles  tin  very  nearly  in  colour,  lustre,  and  in 
the  sound  it  emits  when  bent.  It  is  somewhat  harder  than 
tin,  and  surpasses  it  in  tenacity.  It  is  very  ductile^  and  may 
be  reduced  to  fine  wire,  or  thin  plate ;  yet,  when  long  beat«i, 
it  scales  off  in  different  places.  Its  specific  gravity  is  8.604 
before  hammering,  and  8.694  afterwards;  or,  according  to 
Mr.  Children,*  8.67  before  and  9.05  after  being  hammered. 
It  melts  at  a  heat  below  redness,  and  is  volatilized  by  a  heat 
not  much  greater  than  that  required  to  vaporize  mercury.  Its 
vapour  has  no  odour.  It  condenses  in  drops  as  readily  as 
mercury,  and  these,  on  congealing,  present  distinct  traces  of 
crystallization. 

Cadmium  is  as  little  altered  by  exposure  to  the  air  as  tin. 
When  heated  in  the  open  air,  it  burns  as  readily  as  the  latter 
metal,  and  is  converted  into  a  brownish  yellow  oxide.  Tins 
oxide,  which  is  its  only  one,  consists  of  100  metal  +  14.352 
oxygen,t  which  gives  56  for  the  equivalent  number  of  the 
metal,  and  64  for  that  of  the  oxide.  This  oxide  is  soluble  in 
ammonia,  but  not  in  carbonate  of  ammonia,  or  in  potassa  or 
its  carbonate,  which  even  precipitate  it  from  its  solution  in 
ammonia.  By  availing  himself  of  this  property,  Mr.  Chil- 
dren separated  it  from  oxide  of  zinc,  which  is  not  thrown 
down  by  the  fixed  alkali,  and  thus  verified  its  presence  in 
compounds  containing  much  zinc  and  little  cadmium. 

With  the  acids,  oxide  of  cadmium  unites  and  forms  salts, 
which  agree  in  the  following  characters.  Fixed  alkalis  throw 
down  a  white  hydratcd  oxide,  as  does  ammonia,  with  this 


•  Quartirljr  Journal,  vi.  9S6.  f  Stromejer,  U.  S. 
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dftreDce^  that  the  latter,  added  in  excess,  re-disiolres  the 
pradpitate.  Pnissiate  of  potassa  causes  a  white  sediment,  as  does 
foakte  of  ammonia.  Sulphureted  hydrogen,  and  Uie  hydro- 
nl|diiirets,  throw  down  cadmiam  of  a  yellow  or  orange  colour 
fte  orpimmt.  No  change  is  produced  by  chromate  of  polassa, 
aodoate  or  benzoate  of  ammonia,  infusion  of  galls,  or  sul- 
phate of  soda. 

Chbride  of  cadmium  crystallizes  in  small  rectangular  prisms, 
pcriectly  transparent,  which  effloresce  when  heated,  and  are 
Tery  sdnble.  At  a  high  temperature  it  sublimes  in  small 
aucaoeoiis  plates :  100  parts  of  the  fused  chloride  consist  of 
S8j61  chlorine  +  61.S9  metal.  This  gives  57  for  the  equi- 
iiknt  of  cadmium,  differing  very  little  from  the  number  de- 
dooed  from  the  oxide. 

hdide  of  cadmium  forms  large  and  beautiful  hexahedral 
tables,  of  a  metallic  or  pearly  lustre.  At  a  high  temperature 
the  iodine  escapes.  It  consists  of  100  metal  +  227.43 
iodine. 

Nitrate  of  cadmium  crystallizes  in  prisms  or  needles,  which 
sre  deliquescent.  Its  constituents  are  100  acid  +  117.58 
oxide. 

Tlic  sulphate  crystallizes  in  large  rectangular  prisms  resem- 
bling sulphate  of  zinc,  which  arc  very  soluble  in  water.  They 
effloresce  in  the  air,  and  at  a  gentle  heat  lose  their  water  of 
crystallization,  amounting  to  34.26  on  100  of  the  dry  salt. 
The  neutral  sulphate  consists  of  100  acid  +  161.12  oxide. 

The  carbonate  is  pulverulent  and  insoluble  in  water,  and 
readily  decomposable  by  heat.     It  consists  of  100  acid  -f 

292.88  oxide. 

The  phosphate  is  pulverulent  and  insoluble.  It  is  constituted 
of  100  acid  +  225.49  oxide. 

Cadmium  unites  with  sulphur,  as  with  oxygen,  in  only  one 
proportion,  which  is  that  of  100  metal  to  28.172  sulphur. 
The  sulphuret  has  a  yellow  colour  with  a  shade  of  orange. 
Concentrated  muriatic  acid  acts  readily  upon  it,  and  evolves 
sulphureted  hydrogen  gas.  TTie  sulphuret  may  be  formed  by 
heating  sulphur  cither  with  the  metal  or  the  oxide,  or  by 
prccipitaiing  a  solution  of  cadmium  by  sulphureted  hy- 
drogen. 
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Phosphuret  of  cadmiam  has  a  grey  colour  and  a  feeble  me- 
tallic lustre. 

Cadmium  unites  with  other  metals.  Its  alloy  witli  copper 
is  whiter  with  a  slight  tinge  of  yellow.  It  unites  also  with 
cobalt,  platinum,  and  mercury,  and  probably  with  other 
metals. 

From  a  survey  of  its  salts,  it  appears  that  their  analysis 
does  not  lead  to  a  perfect  agreement  as  to  tlie  equivalent  of 
its  oxide,  and  consequently  of  that  of  the  metal.  None  of 
the  results,  however,  is  very  remote  from  affording  64  for  the 
number  representing  the  oxide,  from  which  deducting  8,  we 
obtain  5^  for  the  equivalent  of  cadmium. 


DIVISION  III. 

METALS  THAT  ABSORB  OXVGEN  AT   HIGH  TEMPERATORES,  BUT 
DO  NOT  DECOMPOSE  WATER  AT  ANY  TEMPERATURE. 

SECTION  XIX. 

Arsenic. 

I.  Arsenic,  as  it  is  found  under  that  name  in  the  shops, 
is  not  metal,  but  a  white  oxide,  from  which  the  metal  may 
be  obtained  by  the  following  process.  Mix  two  parts  of 
the  white  oxide  with  one  part  of  black  flux  (prepared  by  de- 
tonating, in  a  crucible,  one  part  of  nitre  with  two  of  crystals 
of  tartar) ;  and  put  the  mixture  into  a  crucible.  Invert  over 
this  another  crucible;  lute  the  two  together,  by  a  mixture  of 
clay  and  sand ;  and  apply  a  red-heat  to  the  lower  one  ;  keep- 
ing the  upper  one  as  cool  as  possible^  or  the  mixture  may  be 
introduced  into  a  clean  and  dry  Florence  flask,  which  may 
then  be  set  in  a  sand  bath,  and  gradually  raised  to  a  red  heat. 
The  arsenic  will  be  reduced ;  and  will  be  found  lining  the 
inside  of  the  upper  crucible,  or  the  upper  part  of  the  flask, 
in  a  state  of  metallic  brilliancy,  not  unlike  polished  steel.  Its 
specific  gravity  is  8.31.  It  is  so  extremely  brittle  that  it  may 
be  reduced  to  powder  in  a  mortar. 

II.  Metallic  arsenic  is  readily  fusible,  and  is  volatiiia^d  at 
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S56^.  In  close  vessels  it  may  be  collected  unchanged ;  but 
when  thrown  on  a  red-hot  iroii,  it  bums  with  a  blue  flame 
and  a  white  smoke  ;  and  a  strong  smell  of  garlic  is  perceived, 
which  belongs  to  the  metal  only,  and  does  not  accompany  the 
volatilization  of  its  oxides. 

Arsenic  and  Oxygen. 

Arsenic,  by  exposure  to  the  air.  is  tainished,  and  becomes 
converted  into  a  bulky  blackish  powder.  In  three  months, 
Berzelius  found  that  100  parts  acquired  an  increase  of  8.475 ; 
and  he  is  disposed  to  consider  the  product  as  an  oxidule,  or 
sub-oxide ;  but  it  is  probably  nothing  more  than  a  mixture 
of  arsenic  and  arsenious  acid,  into  both  which,  indeed,  it  is 
resolvable  by  heat.  Only  two  combinations  of  arsenic  and 
oxygen  have  hitherto  been  clearly  ascertained ;  and  both  are 
possessed  of  acid  properties. 

III.  The  white  oxide  of  arsenic  has  the  following  properties: 

1.  It  is  white,  semi-transparent,  and  brittle.  Its  specific 
gravity  is  3.7  At  a  temperature  of  380°  Fahr.  it  is  volatilized ; 
or,  if  suddenly  heated,  it  runs  into  a  glass.  It  has  an  acrid, 
nauseous  taste,  and  is  highly  poisonous,  not  only  when  taken 
into  the  stomnch,  but  when  applied  to  a  wound,  or  when  its 
vapour  is  inspired. 

2.  It  is  sparingly  soluble  in  water.  According  to  La 
Grange,  it  is  soluble  in  one  twenty-fourth  of  cold  water,  or 
one  fifteenth  of  hot.  Other  statements  have  been  given  con- 
siderably differing  from  these ;  and  Klaproth  was,  therefore, 
induced  to  examine  its  degree  of  solubility  with  great  atten-^ 
tion.  A  thousand  grains  of  cold  water,  left  in  contact  with 
the  white  oxide  during  24  hours,  and  frequently  agitated, 
dissolved  only  2|  grains.  But  1000  grains  of  boiling  water 
took  up  71^  grains;  and,  after  being  left  three  days  to  cool, 
and  to  deposit  the  crystals  which  separated,  still  retained 
in  solution  30  grains.  Bucholz  has  since  publisheil  results, 
which  agree,  very  nearlj',  with  those  of  Klaproth.  But  the 
most  elaborate  experiments  are  those  of  Fischer  of  Breslau. 
According  to  these,  white  oxide  of  arsenic  is  insoluble  as  such 
in  water,  and,  when  acted  upon  by  water,  one  portion  of  the 
oxide  acquires  oxygen  from  another,  and,  becoming  acidified, 


48  OF  ItSTAtS.  CRAP.  nL 

18  rendered  soluble.  This  is  the  reason  why  the  undissolved  m 
portion  loses  its  colour,  and  becomes  of  a  dirty  yellow.  Of « 
boiling  water,  12.S  parts  dissolve  one  of  arsenic;  but  at  the  i 
common  temperature  of  the  atmosphere,  66-^  parts  of  water  n 
take  up  only  one  part.*  » 

5.  The  solution  of  the  arsenious  acid,  or  white  arsenic^  has 
an  acrid  taste,  and  reddens  vegetable  blue  colours.     When  r 
slowly  evaporated,  the  oxide  crystallizes  in  regular  tetrahe-  i 
drons.     The  oxide  is,  also,  soluble  in  70  or  80  times  its  weight  \ 
of  alcohol,  and  in  oils. 

6.  Hie  composition  of  the  white  oxide  of  arsenic,  or  or* 
ienifms  acid^  has  been  investigated  by  several  chemists,  with 
the  following  results.  It  consists. 

Arsenic.    Oxygen.        Arsenic.    Oxjgen. 

According  to  Proust,  of  . .  75.2   . .  24.8   ....  100 . .  32.979 

— ^— —  Thenard,  of  . . ....  100 . .  34.694 

Berzelius,t  of  75.81 . .  24.19 ....  100 . .  31.907 

■  Thomson,  Jof . . ....  100 . .  3 1 .57 

It  seems  probable,  however,  that  the  oxygen  in  oxide  of 
arsenic  is  not  the  smallest  proportion  with  which  the  metal  is 
capable  of  uniting. 

7.  Oxide  of  arsenic  combines  with  pure  alkalis  to  satura- 
tion, and  fulfils,  therefore,  one  of  the  principal  functions  of  an 
acid.  Hence  it  has  been  called  arsenious  acid,  and  its  com- 
pounds arseniies.  These  compounds  may  be  formed  by  sim- 
ply boiling  the  arsenious  acid  with  the  respective  bases  and  a 
sufficient  quantity  of  water.  They  have  not  been  much  ex- 
amined. Those  of  potassa,  soda,  and  ammonia,  are  soluble  and 
incapable  of  crystallizing;  those  of  lime,  baryta,  strontia, 
and  magnesia,  are  difficultly  soluble,  llic  metallic  arsenitet 
are  best  formed  by  mixing  solutions  of  the  alkaline  arscnitcs 
with  the  metallic  salts.  Arscnite  of  ammonia,  for  instance^ 
and  nitrate  of  silver,  afford  a  yellow  precipitate  of  arseniie  of 
silveTj  which  is  soluble  in  excess  of  ammonia  ;  arsenite  of  po- 
assa  and  sulphate  of  copper,  an  apple  green  precipitate,  called 
Scheeles  greetij  which,  when  dried  and  levigated,  forms  a  beau- 


•  Thomson's  Annals,  vii.  33.  f  Ann.  of  Pliil.  xv.  35<i, 

X  Ann.  ofPhil.  XV.81. 
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Mjigment.  From  wills  of  manganese,  wiic,  or  tin,  the  sitmc 
SKniteproclaces  a  wKHe  preeipittfte;  imda  dingy  grem  one 
tnm  uks  of  iroD.  Araenite  of  lead,  produced  by  mixing 
flseoite  of  ammonia  and  nitrate  of  lead,  is  com|>osod,  ac- 
conlingto  Bcrzelius,  of  100  arsenioiis  acid  +  111.17  prot- 
oxide of  lead. 

Bj  repeated  distillation  with  nitric  acid  only,  arsenious  acid  is 
duDged  into  arsenic  acid.  The  process,  however,  recommended 
bf  Bucholz  is  to  mix  two  parts  by  weight  of  muriatic  acid  of 
ibe specific  gravity  1.200  (?)  twenty-four  parts  of  nitric  acid  of 
the  specific  gravity  1.25,  and  eight  parts  of  white  oxide  ofar- 
iaic.  The  whole  may  be  evaporated  to  dryness,  and  gnitly 
ijpited  in  a  Grueibleb 

iV.  K  The  arsenic  acid  has  a  sour^  and  ut  the  same  time  a 
sdailic  taste.  It  reddens  vegetable  blues;  attracts  humi- 
ikj:  finND  the  atmosphere ;  and  effervesces  strongly  with  so- 
kooos  of  alkaline  carbonates.  When  evaporated,  it  assumes 
thecoRtistence  of  jelly,  and  does  not  crystallize.  It  is  a  most 
active  poison. 

2.  The  conpostiion  of  arsenic  acid  has  been  difK^rently 
Uttcd,  as  will  appear  from  the  following  'Fiible.     It  consists, 

Arbcnic.      Oxypciu       Arsenic.     Oxtgeii. 

Accordmg  to  Pronst,  of  . .  65 A      .  .34.0      . . .  .100 .  .52.i)or> 

Thenard,  of    G*     36         ...  .100  .  .56.250 

Berzdlros,   of  ^5.283.  .34.717 100.. 53, 179 

Tliorason,  of  ..      ■  ■  ...  .100  .  .52.63 

From  his  earlier  experiments  on  arsenic,  Dr.  llioniiion  liad 
dedaced  the  weight  of  the  atom  of  that  niet4il  to  l)o  4.75(S 
Qsygen  being  I,  correspotuling  with  38,  whcfi  hydrogen  is  taken 
asuDitv;  and  had  concluded,  that,  in  arsenious  acid,  each  ntoni 
of  arsenic  is  united  with  l-J-  of  oxygen,  in  arsenic  acid  with  2,', 
atoms  of  oxygen.  This,  lixn%*evev,  prcsi^nts  the  anomaly  of  an 
atom  of  one  body,  conrbining  with  one  or  two  atoni!>,  and  the 
fraction  of  an  atom,  of  anmher  boiiy.  To  remove  this  difU- 
culty,  he  has  since*  proposed  to  double  the  weight  of  the  atom 
of  arsenic,  and  to  consider  arsenious  acid  as  constituted  of  1 


♦^Ann.  ofi'hil.  N.'S:  i.  13.  micf  ii.  l!!<^. 
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atom  of  base  +  3  of  oxvffen,  and  arsenic  acid  of  1  of  base  + 
5  of  oxygen,  which  gives  their  composition  as  follows: 

Arsenious  acid  =  1  atom  of  arsenic 76 

3  atoms  of  oxygen    ....  24 

Weight  of  its  atom 100 

Arsenic  acid  =  1  atom  of  arsenic 76 

5  atoms  of  oxygen    40 

\\'eic[lit  of  its  atom 116 

Berzelius,  also,  has  been  led.  by  his  investigation  of  these 
acids,  to  conclude  that  the  ratio  of  the  oxygen  in  arsenic  acid 
b  to  that  in  arsenious  acid  as  5  to  3,  a  deviation  firom  the  ge- 
neral law  cHTacid  com)K>unds,  limited  to  those  with  base  of  ar- 
senic and  pho:<phoni$.  Between  these  acids,  indeed,  there 
seems  to  be«  in  several  respects,  a  considerable  analogy,  espe^ 
cially  in  their  salts  which,  though  careAiUy  neutralized  when 
in  solution*  yet«  when  concentrated  by  evaporation,  crystalliie 
with  an  excess  of  alkali.  Arsenic  and  phosphorus  agree,  also^ 
in  giving,  with  hydrogen,  compouiMk  that  are  not  acid,  and, 
in  many  other  ret^^^^cts,  present  striking  resemblances. 

3l  Arsenic  acid  unites  with  bases,  and  constitutes  a  dass  of 
Siilts  called  ari::^iiteSy  or  anemiaies. 

.-ineiiAie  ifp^asM  was  formed  by  Macquer^.  by  distilling^  in 
a  retort,  equdil  weigfais  of  nitre  and  arsenious  acid.  It  cija- 
talliKs  in  four-^ided  rectangular  prisms,  terminated  by  Tery 
short  foor^sided  pyramids.  It  is  permanent  in  the  air,  and 
losasaliikearid  cooling  taste.  It  is  soluble  in  about  fivetimes 
its  weight  of  coM  wafeor,  bat  is  insoluble  in  akoliol.  Dr. 
TTfciTH7n*i  analTsb  makes  it  to  consist  of 

m 

Arsenic  acU 65.496 

P^>t«» 570)74 

Water   ToOO 

100. 


(^  JKii  fixms  hrse  rho^bokkl 
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jretembliog  that  of  carbonate  of  socin,  but  less  strong.  It  re* 
quires  more  than  ten  times  its  weight  of  cold  water  for  solution, 
and  the  liquid  has  alkaline  properties.  It  undergoes  the  water}' 
iiisiou.  Its  solution,  when  dropped  into  most  earthy  and  me- 
taUic  salts,  occasions  precipitates,  the  peculiar  appearances  of 
ivbich  are  exhibited  by  Dr.  Thomson  in  a  table  published  in 
the  Annals  of  Philosophy,  xv.  83. 

Arseniale  of  baryta  was  prepared  by  Berzelius,  by  mixing 
nitrate  of  baryta  with  neutral  arseniate  of  soda.     It  consists  of 

Arsenic  acid 42.94 100 

Baryta 56.06 132.88 

100. 

Sub^arseniaie  of  lead,  made  by  double  decomposition,  was 
found  to  contain 

Arsenic  acid 25.25 100 

Protoxide  of  lead  ....  74.75 296.04 


100. 
And  arseniale  of  lead,  to  consist  of 

Arsenic  acid 34.14 100 

Protoxide  of  lead  ... .  65.86 192.91 

Hence,  in  the  sub-salt,  arsenic  acid  is  united  with  one  and 
a  half  times  as  much  base  as  in  the  neutral  arseniate  of  lead. 

V.  Arsenic  and  Chlorine. — The  compound  of  arsenic  with 
chlorine  was  examined  by  Dr.  Davy,  (Phil.  Trans.  1812.  p. 
188.)  He  determined  its  composition  by  synthesis,  and  states 
it  to  consist  of 

Chlorine 60.48 100 

Arsenic    «•••....••  39.52  • 65.3 


100. 

This  analysis,  however,  does  not  lead  to  an  atomic  w^ght 
for  arsenic  at  all  coinciding  with  that  deduced  from  the  ox- 
ides. From  the  name  which  Dr.  Davy  gives  to  this  com- 
pounds  it  is  evident  that  he  considers  it  as  the  protochloride ; 
but  io  that  case  the  atom  of  arsenic  would  weigh  only  234. ; 

£2 
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for  100  :  65  : :  36  :  23.4.    There  is,  probably,  tfaerefere,  umt 
tatv€9  ill  tbe  estimate  of  its  composition. 

Chioraie  of  arsenic  hns  not  l>een  examined,  but  chlorate  of 
p^tfassa  and  metallic  arsenic  aiiord  a  detonating  mixture,  whick 
takes  fire  with  ama2Lng  rapidity.  The  salt  and  metal,  first  sepa- 
rately powdered,  may  be  mixed  by  the  gentlest  possible  tri- 
lure,  or  rather  by  stirring  them  together  on  paper  with 
ft  knife  point.  If  two  long  trains  be  laid  on  a  table,  tbe  one 
of  gunpowder,  and  the  other  of  this  mixture,  and  they  be 
placeil  ill  contact  with  each  other  at  one  end,  so  that  they  may 
be  fired  at  once,  the  arsenical  mixture  detonates  with  the  ra- 
pidity of  li<^htning,  while  the  other  burns  with  comparatively 
extreme  slowness. 

VI.  Iodine  arid  arsenic  unite  and  form  a  deep  red  compound, 
trhich  decomposes  water  and  affords  arsenic  and  hydriodic 
iicids. 

VII.  ylrsenie  and  Hydrogen, — Wlien  tin  is  dissolved  in  liquid 
arsenic  acid,  an  inflammobfe  gas  is  disengaged,  as  was  ob- 
served by  Scheele,  consisting  of  hydrogen  gas,  holding  ar- 
senic in  solution.  It  may  be  obtained,  also,  by  adding  pow- 
dered metallic  arsenic  to  a  mixture  of  diluted  sulphuric  acid 
and  zinc  filings,  or  by  acting  on  water  with  a  triple  alloy  of 
urscnic,  potassium,  and  antimony.  Tbk  alloy  may  be  formed 
by  heating  strongly,  for  two  hours,  in  a  close  crucible,  two 
])art8  of  anlimonr,  two  of  cream  of  tartar,  and  one  of  white 
ai-senic.  When  two  or  three  drachms  of  this  alloy  are  thrown 
<]uickly  mider  a  jar  inverted  in  water,  abundance  of  arsenu- 
retetl  hydi-ogen  is  disengaged.  (Quarterly  Journal,  xiii.  225.) 
The  greatest  caution  should  be  used  to  avoid  its  deleterious 
effects,  which  were  fatal  to  the  late  M;  Gehlen.* 

This  gas  (to  which,  perhaps,,  tlie  name  of  arscmureled 
hydrogen  is  best  adapted)  has  the  following  properties: 

(r/)  It  is  a  permanently  clastic  and  invisible  fluid,  of  the 
specific  gravity,  compared  with  common  air,  of  0.5293;  but 
its  specific  gr.avity  is Micialxle^  iu  cousec^uence  of  the  admixlnre 
of  difftfrent  proportions  of 'hydrogen  gAS- 

{b)  It  has  a  fetid  smell,  rosembliag  tlvU  of  ^rlic. 


*  g^Auis.  do  Chim.  110;  and  Aun.de Cfaun.  ttPbtjStiii.  tS^. 
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(c)  It  extinguishes  burning  bodies. 

(d)  It  is  not  absorbed  by  water  in  any  notable  degree;  and 
has  no  effect  on  the  blue  colours  of  vegetables. 

(e)  It  bums  with  a  lambent  white  flame,  and  a  disagreeable 
odour ;  and  emits,  during  combustion,  fumes  of  arsenious  acid. 
Soap  bubbles,  blown  with  a  mixture  of  this  and  oxygen  gases^ 
bum  with  a  blue  flame,  a  white  smoke,  and  a  strong  alliaceous 
smell. 

(y)  When  mingled  with  chlorine,  heat  is  produced,  a  di- 
minution ensues,  and  metallic  arsenic  is  deposited. 

(s)  A  stream  of  arsenureted  hydrogen  gas,  issuing  from  a 
bladder  fitted  with  a  stop-cock,  and  set  on  fire  in  a  large  re* 
ceiver  filled  with  oxygen,  bums  with  a  blue  flame  of  uncom- 
mon splendour. 

(A)  One  cubic  inch  of  the  gas  contains  about  one  fourth  of 
a  grain  of  metallic  arsenic. 

(i)  When  100  measures,  in  an  experiment  of  Gay  Lnssac^ 
were  acted  upon  by  heated  tin,  140  measures  of  hydrogen  were 
evolved.  Hence  three  volumes  of  hydrogen  are,  probably, 
in  this  gas,  condensed  into  the  space  of  two. 

A  solid  compound  of  hydrogen  and  arsenic  may  be  formed, 
by  acting  on  water  with  an  alloy  of  potassium  and  ai'senic ; 
and,  of  course,  much  less  hydrogen  gas  is  evolved,  than  the 
same  weight  of  uncombined  potassium  would  liberate  fi*om 
water.  It  is  described,  by  Gay  Lussac,  as  separating  in  ches- 
nut-brown  coloured  flocks.  There  appears,  indeed,  to  be  a 
strong  aflinity  between  hydrogen  and  arsenic ;  for  Berzelius 
finind  that  the  recently  prepared  metal,  when  distilled  along 
with  oxide  of  tin,  gave  a  drop  or  two  of  water.  It  must,  there- 
fore, have  yielded  hydrogen  to  the  oxygen  of  the  oxide. 

VIII.  Sulphur  and  Arsenic. — The  sidphurets  of  arsenic  have 
been  examined  by  Klaproth,  Laugier,*  and  Berzelius.t 
There  are  two  sulphurets  of  this  metal,  both  of  which  are 
found  native,  a  red  compound,  called  Realgar^  and  a  bright 
yellow  one,  named  Orpiment.  They  may  also  be  formed  ar- 
tificially, the  red  by  heating  white  arsenic  with  sulphur;  the 
yellow  by  dissolving  white  arsenic  in  muriatic  acid,  and  pre- 
ijpitiiting  bjr  hydro^snlpbaret  of  ammonia.  Lnigier  and 
Khpfodi  fband 
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In  realgar     ....  100  arsenic  united  to  43.67  sulphur. 
In  orpimcnt . . . .  100  ditto 63.93  ditto. 

It  appears,  therefore,  tliat  orpiment  and  realgar  are  both  sul- 
pburets  of  arsenic,  containing  sulphur  in  the  proportions  of 
1  to  1^,  or  of  2  to  3.  In  orpiinent,  it  may  be  observed,  the 
sulphur  is  nearly  double  the  oxygen  in  the  arsenious  acid.. 
To  agree  with  atomic  proportions  it  ought  to  be  exactly  so. 

Orpiment  is  employed  in  calico-printing  to  de-oxygenate 
indigo,  which  thus  becomes  capable  of  attaching  ilselF  to  the 
cloth.  M.  Braconnot  recommends  realgar  for  dyeing  wool, 
silk,  or  cotton,  of  a  fine  yellow  colour.  Having  mixed  1  part 
of  sulphur,  2  parts  of  white  arsenic,  and  5  of  potash  of  com- 
merce, melt  them  in  a  crucible  at  a  heat  near  that  of  redness*. 
The  yellow  mass  thus  obtained  is  to  be  dissolved  in  hot  water, 
and  filtered.  It  is  then  to  be  diluted,  and  sulphuric  acid  poured 
into  it,  of  such  strength  as  to  produce  a  fleecy  precipitate  of  a 
superb  yellow  colour.  This  dissolves  with  facility  in  ammonia^ 
and  gives  a  yellowish  liquor,  into  which  is  to  be  poured  an  excess 
of  ammonia  for  the  purpose  of  discolouring  it  entirely.  Goods 
plunged  into  this  solution  come  out  colourless,  but  they  as- 
sume a  fine  yellow  as  the  ammonia  evaporates.  The  colour  is 
durable,  and  resists  acids  but  not  alkalis.  (Ann.  de  Chim.  et 
Phys.  xii.  9S,) 

IX.  Arsenic  combines  with  most  of  the  metals,  which  it 
generally  renders  brittle.  With  iron,  zinc,  and  tin,  it  affords 
white  brittle  compounds.  It  unites  with  copper  into  a  white 
alloy,  as  may  be  shown  by  confining  a  few  grains  of  metallic 
arsenic,  or  of  white  arsenic  mixed  with  black  flux,  between 
two  copper  plates,  and  heating  them.  The  copper  will  acquire 
a  white  stain. 


SECTION  XX. 
Molyhdenitm. 

I.  The  most  common  ore  of  molybdenum  was  long  mi»-^ 
taken  for  plumbago,  or  carburet  of  iron,  to  which  it  bearsf 
externally,  a  strong  resemblance.    It  is,  in  fieict,  a  combina* 
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tion  of  sulphur  and  the  oxide  of  molylHlenum.     These  two 
components  may  be  separated  by    repeated  distillation  with 
nitric  acid.     To  tlie  ore  of  molybdenum,    in    a  retort,  six 
times  it  weight  of  nitric  acid  are  to  be  added,  and  the  mix- 
ture distilled  to  dryness.     'J'his  process  must  be  repeated  four 
or  five  times;  and,  at  its  close,  both  the  sulphur  and  molyb- 
denum will  be  acidified.     The  sulphuric  acid  is  expelled  by 
heating  the  mass  in  a  crucible;  and  any  remaining  portions* 
are  to  be  washed  oft'  with  o'lstilled  water.     Tiie  residue  (wo- 
lybdic  acid)  is  a  white  heavy  powder ;  which  has  an  acid  and 
metallic  taste;    has    the   specific    gravity    3.4;  is  soluble  in 
about  1000  parts  of  water;  and  forms  salts  with  the  alkalis 
and  earths.     The  acid  is  reduced  by  making  it  into  a  paste 
with  oil,  and  exposing  it,  bedded  in  charcoal  in  a  crucible, 
to  an  intense  heat.     Or  (as  Hielm  recommends),  the  ore  of 
molybdenum  may  be  repeatedly  roasted  in  a  moderate  red- 
heat,  till  the  whole  is  reduced  to  a  fine  powder,  which  may 
be  passed  through  a  sieve.     The  powder  is  to  be  dissolved  in 
ammonia,  the  solution  filtered,  and  evaporated    to   dryness. 
The  residuum,  being  moderately  heated  with  a  little  nitric 
acid,  gives  a  white  powder,  wliich  is  the  pure  oxide  of  mo- 
lybdenum.    This  may  be  metallized  by  exposure  to  an  intense 
heat  with  oil  or  powdered  charcoal. 

II.  Molybdenum  has  a  whitish  yellow  colour,  but  its  frac 
tare  is  a  whitish  grey.     It  has  not,  hitherto,  been  obtained 
in  any  form,  but  that  of  small  brittle  grains.     It  is  almost 
infusible  by  any  artificial  heat.    Its  specific  gravity  is  8.61 1 ; 
according  to  Hielm  it  is  7.4. 

It  is  readily  oxydized  when  heated  in  contact  with  air, 
and  is  converted  into  a  white  oxide,  which  is  volatilized  in 
small  brilliant  needle-shaped  crystals.  This  compound  ha". 
acid  properties. 

III.  The  nitric  and  nitro-muriatic  acids,  and  chlorine,  are 
the  only  solvents  that  act  on  molybdenum. 

IV.  The  muriatic,  and  other  acids,  act  on  its  oxides,  and 
afford  bine  solutions. 

There  appear  to  be  only  two  well  ascertained  compounds 
of  molybdendm  and  oxygen.  The  first  is  the  molybdic  acid 
alreadj  described.     It  is  oomposedy  according  to  Bucholz,  of 
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Molybdenum  ....  66.7    100  -^ 

Oxygen 33.3    50  ^.i^ 

iia 

100.  ^ 

Ilcrzoltus  slates  the  metal  at  65.5,  and  the  oxygen  at  S^J^  ^ 
in  100  grnins  of  molybdic  ncid,  or  100  metal  +  53.7  oxygen.   V.«: 

When  one  part  of  powdered  molybdenum,  and  two  parts  in 
of  moiybdic  acid,  are  triturated  in  boiling  water;  then  fit  ra 
tered;  and  tlic  solution  cva|K>rated  at  a  temperature  not  ex- ai: 
ceeding  120^  Fahrenheit,  we  obtain  a  fine  blue  powder,  wbich  ic 
is  fno/ytdot/s  ncid.  This  aeiti  is  more  soluble  in  water  thau  j^ 
the  moiybdic,  and  its  solution  reildens  vegetable  bluo  ooImiib*  >. 
It  is  stated  by  Bucholz  to  consist  of  ; 

Molylulcuum  ....  74.5    100 

Oxygen 25.5    34 

100. 

It  seems  not  improbable  that  there  is  an  oxide,  contaiuiog 
a  smaller  proportion  of  oxygen  than  the  molybdous  acid; 
and  that  tliis  acid  is  constituted  of  two  atoms  of  oxygen  to 
one  of  metal.  On  tjiis  sup|>osition  the  atom  of  molybdenam 
must  weigh  about  47;  and,  in  molybdous  acid,  the  metal 
must  be  combined  with  two  atoms  of  oxygen,  weighing  16; 
and  in  molylxlic  acid  with  three  atoms,  weighing  24.  The 
oxide,  consisting  of  one  atom  of  metal  and  one  atom  of  oxy* 
gen,  remains  to  lie  investigated.  According  to  Dr.  Thom- 
son, ic  may  be  obtained  by  dissolving  moiybdic  acid  iu4UBi- 
monia;  eva))orating  to  dryness,  and  exposing  the  dry  mats, 
covered  with  charcoal  powder,  to  a  white  heat  in  a  covered 
crucible.  The  oxide  will  be  found  at  the  bottom  of  a  crya* 
tallizcil  shape,  and  of  a  copper  brown  colour.  It  is  incapable 
of  forming  salts  with  acids.  (System  of  Chemistry,  i.  564.) 

The  molylnlous  auid  moiybdic  acids  unite  with  salifiable 
bases,  and  form  distinct  classes  of  salts.  The  latter  acid  is 
changed  into  the  former,  by  some  of  those  metals  that  powcv* 
fully  attract  oxygen.  Thus  a  solution  of  moiybdic  acidf  in 
which  a  small  rod  of  tin  or  sine  is  immersed,  becomeaUiiab 
a  C4Muiequence  of  llie  partial  dMoxyge>t«lion  of  the  jmmI  ; 
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Oil  the  same  priRciplc  recent  muriate  of  tin  throws  down, 
from  nioijbdiite  of  potas&ii,  a  fine  blue  precipitate.  The  moI)rb« 
die  acid  decomposes  the  nitrates  of  silver,  mercur}',  and  lead; 
and  the  nitrate  and  muriate  of  baryta. 

Native  molybdalc  of  lead  from  Carinthia^  analyzed  by  Mr. 
Hutchett  (Phil.  Trans.  179G),  contains  30.5  molybdic  acid  + 
60.5  protoxide  of  lead,  which  are  nearly. in  the  pro}K)rtions  of 
71  to  112,  the  equivalents  of  those  two  compounds,  thereby 
confirming  the  view  that  has  been  taken  of  molybdic  acid. 

V.  Molybdenum  unites  readily  with  sulphur,  and  composes 
a  substance  similar  to  the  one  from  which  the  metal  waa 
originally  obtained.  One  hundred  parts  of  the  metal  combine 
with  67  of  sulphur. 


ECTION  XXI. 

Chromium. 

This  metal  wns  discovered  by  Vauquelin  in  1797.  It  is 
found  in  an  acidified  slate,  and  combined  with  oxide  of  lead, 
in  the  red-lead  ore  of  Siberia ;  in  the  state  of  an  oxide,  in  the 
green  ore  accompanying  the  red  one;  in  the  emerald,  to 
which  it  Gommanicates  its  green  colour;  and  in  some  meteoric 
stones.  A  compound  of  chromic  oxide  with  oxide  of  iron 
has,  also,  been  discovered  in  France,  in  America,*  and  in 
Shet]flnd,t  and  is  a  much  more  abundant  product  than  the 
lead  ore  of  Siberia,  being  found  in  large  masses. 

1.  To  separate  the  chromic  acid  from  the  ore,  red'^lend  ore, 
reduced  to  powder,  is  boiled  with  twice  its  weight  of  carbonate 
of  potaasa.  An  orangery  el  low  solution,  composed  of  potassa 
and  chromic  acid,  is  thus  obtained ;  and  when,  to  this,  a  mi* 
oeral  acid  is  added,  and  the  liquor  is  evaporated,  we  obtain^ 
1.  the  salt  formed  by  the  acid,  which  has  been  united  with  the 

^^—  Jl_j |_  J   L    ■_■■_■  -  I  .11  "" — — ^ , . 

^  TKomsoii's  Ajinalt,  r.  75.  and  N.S.  it.  t6. 

t  BjT'Dr.  Uikbert  See  hit  Dttcri ption  of  the  ShetUmd  Ulaiids,  4lo.  It 
does  not  appear  certain  whether  in  the  jo  caUed  chromata  of  iron^  tWmelal 
iajMsliiiadf  or  laaroly  oiidatad. 
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potass  a;  2.  the  acid  chro^iium,  in  long  ruby-coloured  prismf.  -^ 
From  this  acid  the  chromium  may  be  obtained  by  heating  it  r^ 
with  charcoal,  in  the  manner  already  often  described.  In  the  ;•] 
crucible  a  metallic  mass  is  found,  oK  a  greyish  white  colour,  sh 
formed  of  a  number  of  nc^llcs  crossini^  ruch  other. 

Chromate  of  iron,  however,  from  the  greater  plenty  In  i 
which  it  is  found,  is  a  much  cheaper  source  of  chromic  acid. 
After  reducing  it  to  fine  powder,  it  is  to  be  mixed  with  half 
its  weight  of  nitrate  of  potassa,  and  heatetl  strongly  for  an  hour 
or  two  in  a  crucible.  Tlu?  mass  is  to  be  repeatedly  digested  - 
with  water,  and  the  coloured  liquids,  which  are  slightly  alka-*  . 
line,  saturated  with  nitric  acid,  and  concentrated  by  evapora- 
tion, till  no  more  crystals  of  nitre  can  be  obtained  from  them. 
The  yellow  liquid,  being  now  set  aside  for  a  week  or  two,  de- 
posits a  copious  crop  of  yellow  crystals  in  small  needles.  These 
are  to  be  separated,  dissolved  in  water,  and  crystallize<l  over 
again.  They  arc  then  suiliciently  pure  chromate  of  potassa. 
From  the  solution  of  these  crystals,  or  indeed  from  the  yellow 
liquid,  nitrate  of  mercury  iliri)wti  down  a  red  powdtr,  which 
is  chromate  of  mercury.  When  sufficiently  heated,  this  com- 
pound is  decomposed,  and  yields  elirotuic  acid  or  chromic 
oxide,  from  either  of  which  metallic  chromium  may  be  ob- 
tained,  by  heating  it  violently  with  charcoal  in  a  crucible. 

II.  Chromium  is  of  a  greyish  white  colour,  resembling  that 
of  iron.  It  is  brittle  and  difficult  of  fusion.  Its  specific  gra- 
vity is  5.9. 

When  exposed  to  the  combined  action  of  heat  and  air,  it  is 
changed  into  a  green  protoxide,  easily  soluble  in  acids. 

On  tlic  metal  itself,  the  nitric  is  the  only  acid  which  pro- 
duces any  remarkable  effect,  for,  by  repeated  distillation  with 
it}  chromium  is  acidified.  The  chromic  acid  may  be  more 
abundantly  obtained,  by  mixing  nitrate  of  baryta  with  chro- 
mate of  potassa.  Chromate  of  baryta  is  formed,  and  may  be 
decom|X)sed  by  adding  its  equivalent  of  sulphuric  acid. 

III.  Chromic  acid  is  of  a  red  colour,  and  may  be  obtained 
from  its  aqueous  solution  in  ruby-coloured  crystals.  It  has 
a  sour  metallic  taste.  When  ignited  it  parts  with  oxygen, 
and  becomes  the  green  protoxide. 

Chromate  of  potassa  crystallizes  in  four-sided  slender  prisma 
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terminated  by  dihedral  summits.  Their  colour  is  nn  intense 
lemon  yellow,  with  a  slight  shade  of  orange.  The  colouring 
power  of  this  salt  is  so  great,  that  1  grain  in  40.000  grains  of 
water  forms  a  solution  which  is  perceptibly  yellow.  Its  taste 
is  cooling,  bitter,  and  very  disagreeable,  remaining  long  in 
the  mouth.  One  luindrcd  parts  of  water  at  60°  dissolve 
about  4S  parts,  but  boiling  wntor  dissolves  almost  any  quan*- 
tity.  It  h  insoluble  in  alcohol.  Its  solution  in  water  decom- 
poses most  of  the  metallic  salts;  those  of  lead  of  a  beautiful 
yellow  colour,  now  much  used  as  a  pigment;  those  of  mercury 
of  a  fine  red ;  copper  and  iron  reddish  brown;  silver,  dark 
red.  According  to  Dr.  Thomson,  .who  has  lately  investigated 
it  with  mud)  care,  clnomatc  of  potassa  is  composed  of 

1  atom  of  chromic  acid  =  52 
1  do.  of  potassa =  4-8 

100 

"Bi'cliromale, — When  to  a  solution  of  these  crystals  in  water,. 
such  a  quantity  of  sulpliuric  acid  is  added,  as  to  give  the 
liquor  a  sour  taste,  and  it  is  set  aside  for  2\;  l)our>,  small  re- 
gular needles  aie  deposited  ;  or  sometimes  rectangular  tables  of 
considerable  size,  and  of  a  beautiful  orange  red  colour.  These 
crystals  are  ihe  bi-chromate  <f  potassa.  They  are  much  less 
soluble  in  water  than  the  chromate;  for  100  parts  at  GO^  Fahr. 
dissolve  only  about  10  parts.  The  solution  has  an  intense 
orange  colour,  and  reddens  vegetable  blues.  This  salt  is  com- 
posed of 

2  atoms  of  chromic  acid  =  104 68.421 

1  atom  of  potassa =    48 31.579 

152.  100. 

Carbonate  of  ckrom'ium  is  of  a  brown  colour.  Boiling  water 
decomposes  it  into  carbonic  acid  and  green  oxide. 

The  chromates  of  ammonia,  potassa,  soda,  lime,  and  mag- 
neaia,  arc  soluble  and  crystallizable,  and  are  all  of  an  orange 
colour.  Those  of  baryta  and  strontia  are  with  difficulty  soluble. 
The  combination  of  chromic  acid  with  Tarions  bases,  and  the. 
properties  of  tlic  resulting  salts,  have  been  fully  described  by 
Vauqnelin  in  the  70tb  volume  of  Ann.  de  Cbim. ;  by  Dr. 
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John  in  the  41  b  volume  of  the  AnnaU  of  Philosophy ;  by  Dr*  ^ 
Tbomsoii  in  the  16tb  vol.  of  the  same  work;  and  by  Gron-  ^ 
irelle  in  tlic  J  7tli  volume  of  Aniuiles  de  Chim.  et  de  Physiqoe,  .^ 
It  appears  to  be  doubtful  whether  any  compounds  exist  that  , 
can  pro|)er1y  be  called  diromUes. 

Equivalents  of  Chromium  and  its  Oxides. — The  composition 
of  the  oxide  and  acid  of  chromium  has  not  been  determined 
by  direct  experiments;  but  from  the  analysis  of  chroroates  of 
lead  and  baryta,  it  would  appear  that  52  is  the  equivalent 
number  for  chromic  acid.  Now  Berzelius  assigns  to  die  add 
double  the  quantity  of  oxygen  that  exists  in  the  oxide,  and  it 
is  probable  that  chromic  acid  consists  of  one  atom  of  meUl 
+  S  atoms  of  oxygen.  Deducting  24*  from  52,  we  obtain  22S 
for  the  atom  of  chromium,  and  28  +  12  =  40,  for  that  of  the 
protoxide. 

The  principal  UbC,  to  which  chromium  has  been  applied,  is 
the  preparation  of  the  beautiful  pigment,  chromate  of  lead, 
known  in  commerce  by  the  name  of  chrome  yellow.  It  is  pre* 
pared  by  mixing  the  solutions  of  chromate  of  potassa  and 
nitrate  or  acetate  of  lead.  Nineteen  parts  of  bi-chromate  of 
potassa  decompose  41.5  of  dry  nitrate  of  lead,  llie  inso- 
luble compound  consists  of  1  atom  of  chromic  acid  +  1  atom 
of  protoxide  of  lead.  (Thomson.)  It  appears  pi  obable,  also, 
from  the  experiments  of  Lassaigne  (Ann.  de  Ch.  et  Ph*  xiv. 
299,  XV.  76,  and  xvi.  400,)  that  chromium  admits  of  being 
successfully  applied  to  the  arts  of  dyeing  and  calico-printing; 
and  in  the  latter  very  striking  effects  have  already  been  pro- 
duced on  the  large  scale. 
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TungsicN, 


I.  TuvtiiiT£N  may  \\e  obtained  from  two  different  minerals. 
The  one,  consisting  of  Uie  tungstic  acid,  imited  with  lune^ 
is  called  simply  tungsten*  In  the  other,  termed  Wolfram,  it 
is  united  with  iron  and  manganese.*     Its  extraction  fraoi  the 
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fiinner  is  the  most  simple  process.  One  part  of  tlie  tungglate 
of  lime,  and  four  of  carbonate  of  potassa,  are  fused  together^ 
and  the  mass  is  dissolved  in  12  parts  of  boiling  water.  Nitric 
acid  is  then  added,  which  unites  with  the  potassa,  and  pre» 
Gtpitxtes  tungstie  acid.  This  acid,  when  reduced  in  the  usual 
manner,  yields  tungsten ;  but  the  process  is  a  very  difficult 
one,  and  frequently  fails  of  success.  IVofessor  Clarke  has 
succeeded  in  efibcting  its  reduction  by  the  oxygen  and  hy- 
drogen blow*pipe.* 

The  tung«tic  acid  may,  also»  be  obtained  from  Woiframw 
by  fusion  with  three  times  its  weight  of  nitrate  of  potassa  ; 
or  with  twice  its  weight  of  carbonate  of  potassa.  The  fused 
mass,  dissolved  in  boiling  water,  and  filtered,  gives^  on  the 
addftron  of  nitric  acid,  a  precipitate  of  tungstie  acid.  Or 
Wolfram,  reduced  to  a  fine  powder,  may  be  boiled  with  three 
times  its  weight  of  muriatic  acid.  As  soon  as  the  acid  be-^ 
comes  hot,  a  yellow  powder  appears,  and  the  liquid  becomes, 
brown.  When  cold,  decant  the  clear  liquid,  and  wash  the 
aedknent  repeatedly  with  water ;  then  digest  it,  for  some  hours^ 
with  liquid  .jamm on ia^  which  will  take  up  a  part.  Repeat 
diese  operations,  till  they  cease  to  act  on  the  substance. 
Evaporate  the  ammoniacal  solution  to  dryness,  and  calcine 
the  salt.  The  acid  of  tungsten  remains,  io  the  pr^q^ortion  of 
more  titan  Imlf  the  weight  of  Wolfram  which  has  been  em* 
ployed.  Other  methods  of  forming  tungstie  acid  are  de- 
scribed by  Bucholz.t 

II.  Tungsten  has  the  following  characters: 

1.  It  has  a  greyish  white  colour,  like  that  of  iron,  and  a 
good  deal  of  brilliancy.  It  is  not  magnetic.  Its  s[)ecific  gravity^ 
according  to  ryElhuyarts,  is  17.6;  or,  according  to  Messvsw 
Atiisn  and  Aikin,  17.22.  Bucholz  makes  it  the  mean  of  these 
twoiMMnbers,  vis;  17.4.  Tungsten  is  only,  therefore,  surpassed 
in  density  by  gold  and  platinuH). 

2.  It  is  extremely  hard  and  brittle.  It  requires,  for  fusion, 
a  temperature  of  at  least  170°  Weilgewood. 

d.  It  is  oxidised  by  the  action  of  heat  and  air.     Its  first 


*  Tbonisoii*s  Annals,  x.  376.  f  Ibid.  vi.  198. 
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oxide  is  black.     The  second,  which  is  yellow,  is  commoiily  ' 
termed  iungslic  acid.  :i! 

III.  The  tung^lic  acid  has  no  Instc ;  has  thes|>ecific  gmxitf  w 
6.12;  is  difficultly  fusible  except  by  intense  Galvanic  action^  , 
which  partially  reduces  it;  it  is  insoluble  in  water;  but 
mains  suspended  in  it,  and  in  this  state  has  no  action  on 
table  colours.  Exposed  to  heat  in  a  platinum  spoon^  it  «a*  ^ 
sumes  a  deep  green  colour.  Calcined  with  the  contact  of  air,  ^ 
its  yellow  colour  becomes  deeper,  and  passes  to  a  green,  and,  ^ 
after  some  hours,  to  grey.  The  deficiency  of  several  acid  pro-  . 
l^ertics  induced  Vauquelin  to  withdraw  it  from  the  class  of 
acids,  and  to  arrange  it  among  the  oxides. 

The  tungstic  acid  is  composed,  as  appears  from  the  expert* 
ments  of  Bucholz,  of  20  parts  oxygen  and  80  metal ;  supposii^ 
the  acid  to  consist  of  an  atom  of  metal  and  three  atoms  of 
oxygen,  this  would  give  96  for  the  equivalent  of  tungsten,  and 
120  for  that  of  tungstic  acid. 

When  hydrogen  gas  is  passed  over  ignited  tungstic  actd, 
a  chocolate  powder  is  obtained,  which  neither  combines  with 
acids  nor  with  bases.  Berzalius  finds  it  to  be  an  oxide,  the 
oxygen  in  which  is  to  that  in  the  acid  in  the  proportion  of  9 
to  3.  (Ann.  de  Chim.  et  Phys.  xvii.  16.)  Therefore  in  this 
compound  96  of  metal  are  united  with  16  of  oxygen  very 
nearly.  Tungstate  of  lime  was  found  by  Klaproth  to  consist  of 
77.75  acid  +  22.25  lime;  but  Berzelius  states  its  components  to 
be  80.  !•  acid  +  19.6  base.  This  is  the  composition  also  of 
Wolfram,  so  far  as  respects  the  tungstate  of  lime  in  that  mineral. 
IV.  Berzelius  has  lately  examined  also  the  sulphuret  of 
tungsten,  with  the  view  to  determine  the  capacity  of  satura- 
tion of  that  metal,  lie  heated  together  one  part  of  powdered 
tungstic  acid,  and  four  of  sulphuret  of  mercury.  The  latter 
metal  was  expelled,  and  a  blackish  grey  compound  remained^ 
not  unlike  sulphuret  of  copper.     On  analysis,  it  afforded 

Atoms. 
Tungsten  . .  •  •  7i.891  • .  •  •  100.     •  •  • .  1  .  • . .  =  96 

Sulphur 25.109  •  • .  •     35.53 . .  • .  2  •  •  •  •  =  3i 

100.  130 
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One  hundred  parts  of  the  siilphuret,  calcined  so  as  to  expel 
ike  sulphur  and  oxidize  the  metal,  gave  93.5  of  tiingstic  acid; 
ad,  as  that  quantity  of  acid  must  contain  74.891  metal,  100 
^]A  contain  80.09,  which  agrees  witli  the  experiment  of 
BfhiJg  It  may  be  remarked,  that  the  sulphur  in  the  suU 
nbrct  is  rather  more  than  double  the  oxygen  in  the  new 
odde  obtained  by  Berzelius,  but  the  difference  is  not  greater 
dnn  may  be  accounted  for  by  the  unavoidable  errors  of  the 
experiments.  Consisting  of  two  atoms  of  sulphur  and  one 
of  metal,  it  is   in  fact  to  be  considered  as  a  bi-  sulphuret  of 


SECTION  XXIII. 
Columbium. 

CoLUMBiuM  was  discovered  by  Mr.  Hatchett,  in  a  mineral 
beionging  to  the  cabinet  of  the  British  Museum,  supposed  to 
be  brought  from  Massachusetts  in  North  America.  By  alter- 
Date  fusion  with  potassa,  and  digestion  with  muriatic  acid,  the 
mineral  was  decomposed ;  the  acid  combining  with  oxide  of 
iron,  and  the  alkali  with  a  peculiar  metallic  acid,  separable 
bj  the  addition  of  diluted  nitric  acid,  which  threw  down  a 
copious  white  sediment. 

This  acid  was  not  reduced  by  Mr.  Hatchett,  who,  however, 
firom  its  properties,  entertained  little  doubt  that  it  has  a  metal- 
lic base.  It  is  insoluble  in  nitric  acid ;  but  when  fresh  preci- 
pitated, it  combines  both  with  the  sulphuric  and  muriatic.  It 
onites  also  with  alkalis,  and  both  solutions  are  colourless. 
Prus&iate  of  potassa  gives  an  olive-coloured  precipitate;  tinc- 
tnre  of  galls,  a  deep  orange ;  and  hydro-sulphuret  of  ammonia, 
one  of  a  chocolate  colour. 

A  metal,  analogous  in  its  properties  to  columbium,  was  dis* 
covered  by  Mr.  Ekeberg,  a  Swedish  chemist,  in  two  different 
ibesils,  called  Tantalite  and  Yttro-tantalite,  both  of  which  are 
firand  in  Finland.  To  this  metal  he  gave  the  name  of  ianiff'^ 
hm.    In  the  one  it  occurs  combined  with  iron  and  manga* 
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nese;  in  the  other,  with  the  earth  yttria.*  From  these  oraK^ii;' 
it  18  obtained,  by  treating  them  alternately  with  caustic  fixed-j;^ 
alkali,  and  muriatic  or  nitro-muriatic  acid.  The  alkaline  wof'id 
lution  being  supersaturated  with  an  acid,  lets  fall  a  white 
powder,  which  is  oxide  of  tantalum.  The  following  are  tbe:^*;: 
characteristic  properties  of  tantalum,  as  enumerated  by  Mr.  r-;! 
Ekeberg : 

1.  It  is  not  soluble  in  any  acid,  even  the  nitro-muriatic,  in  ., 
whatsoever  state  the  mineral  is  taken,  and  whatei'cr  means  are..;^ 
employed.  ,^ 

2.  Fixed  alknlis  attack  it  when  fused  with  it  in  consider-  ^ 

■7, 

able  excess,  and  dissolve  a  considerable  quantity,  which  may  .'. 
afterwards  be  precipitated  by  acids,  even  by  the  carbonic. 

3.  The  oxide  of  this  metal  is  white,  and  does  not  acquire 
any  colour,  by  exposure  to  a  high  temperature  with  access  of 
air.     Its  specific  gravity,  after  being  made  red-hot,  is  6.500. 

4.  It  melts  with  phosphate  of  soda,  and  with  borax,  but 
does  not  im})art  to  them  any  colour. 

5.  The  oxide  of  tantalum,  ignited  witli  charcoal,  meks  and 
agglutinates.  It  then  presents  a  metallic  lustre,  and  a  shining 
fracture  of  a  greyish  black  colour.  Acids  change  it  again  intC^ 
a  white  oxide. 

Though  the  oxides  of  tin  and  of  tungsten  are  equally  soluble 
with  that  of  tantalum  in  fixed  alkalis,  yet  the  former  is  easily 
reduced,  runiishing  a  ductile  metal;  and  the  oxide  of  tungsten 
dissolves  in  ammonia,  is  changed  to  a  yellow  colour  by  acids^ 
and  coinmuuicatos  colour  to  phosphate  of  soda  and  borax. 
The  oxide  of  titaniumf  differs  from  this,  in  being  soluble  bj' 
acids,  and  in  tinging  borax  and  phosphoric  salts,  when  fused 
with  them. 

Considerable  doubts  html  l>ecn  entertained  bv  several  che- 
mists,  whether  anv  essential  difflrcnee  exists  between  colnm- 
bium  and  tantalum  ;  but  their  identity  appears  now  to  be 
fully  ebtabHshcd  by  the  experiments  of  Dr.  Wollaston. 
Having  procured  specimens  of  the  tantalite  and  vttro-tanta* 


*  i>tc  Ann.  dc  Cbim.  xliii.  281.  f"  Thomson**  AiiimiU,  w,  467. 
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kfinm  which  tantahim  may  be  separated,  be  compared  its 
fMpertiet  with  those  of  oxide  of  columbiuai,  furnished  by 
Mr.  Hatchett,  and  obtained  from  a  specimen  in  the  British 
limeum. 

The  external  charocters  of  the  niinerni,  which  yields  cohim- 
bimii,  closely  accord  with  those  of  tantalite.  Both,  also,  yield 
a  vhite  oxide,  combined  with  iron  and  manganese,  and  as 
Mirif  as  possible  in  the  same  proportion.  The  white  oxide, 
tkoigh  not  absolutely  insoluble  in  sulphuric,  nitric,  and  muri- 
atic acids,  is  (from  whichever  mineral  it  has  been  obtained) 
very  nearly  so.  Its  appropriate  solvent  is  potassa,  which  docs 
lot  require  to  be  absolutely  free  from  carbonic  acid.  The 
vUe  of  the  oacide,  thus  dissolved,  may  he  precipitated  by  an 
add,  and  it  is  not  re-dissolved  by  an  excess  of  acid.  'J1ie 
CBfieA  from  both  minerals  agree,  also,  in  being  soluble,  when 
Ml  precipitated,  by  oxalic,  tartaric,  and  citric  acids.  £ke- 
iKf|r,  however,  we  are  informed  by  Bcrzclius,'*  discovcroil,  in 
tiftinple  of  the  mineral  from  the  British  Museum,  a  consider- 
lUe  quantity  of  tungstic  acid,  to  which  it  owes  its  acid  pro* 
poties ;  and  its  other  constituent  he  found,  with  Dr..  Wolks- 
tos,  to  be  oxide  of  tantalum. 

Infusion  of  galls,  prussiate  of  potassa,  and  hydro-sulphuret 
of  potassa, occasion  no  precipitation  from  the  alkaline  solution 
of  cither  of  these  oxides ;  and,  when  n  sufficient  quantity  of 
a«d  has  been  added  to  neutralize  the  redundant  alkali,  infu- 
sion of  galls  only  throws  down  a  precipitate  which,  in  both 
cases,  is  of  an  orai>ge  colour.  From  these  coincidences,  there 
can  be  little  room  to  doubt  of  the  identity  of  tantalum  with 
tbe  characteristic  ingredient  of  columbium.  The  identity  of 
colnnibium  and  tantalum  being  now  established,  it  scenis  due 
to  its  first  discoverer,  Mr.  Hatchett,  to  distinguish  it  in  future 
by  the  former  name.  Columbium  has  lately  been  reduced  to  a 
■Haliic  formby  Berzelius.  Hi&method  consisted  in  introducing 
the  oxide,  which  had  previously  been  strongly  heated,  into  a  ca* 
vil|f  about  one  inch  and  a  half  deep,  and  of  the  diameter  of  a  goose 
^hU.  anificiaUy  ibrmod  in  a  piece  of  cbarconh  To  tliis  cavity 
i  stopper  of  charcoal  was  fitted,  and  tl>e  wholc«  inclosed  in  a 
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Hessian  crucible^  was  exposed  to  a  violent  fire  during  an 
hour.  From  four  experiments,  similarly  conducted,  he  in- 
ferred the  composition  of  the  oxide  to  be 

Tantalum 94.8 100. 

Oxygen  . . » 5.2 5.485 

100. 

If  this  be  the  protoxide,  the  equivalent  number  deduced  for 
columbium  will  be  144,  and  for  the  oxide  144  +  8  =  152. 

The  specific  gravity  of  a  specimen  of  the  metal,  sent  by 
Berzelius  to  this  country,  was  found  by  Dr.  Wollaston  to  be 
5.61 ;  but  as  the  mass  was  porous^  its  real  specific  gravity  is  pro- 
bably much  higher.  Its  colour  was  dark  grey,  and  when 
scratched  with  a  knife,  or  rubbed  against  a  fine  grindstone, 
it  assumed  the  metallic  lustre,  and  the  appearance  of  iron. 
By  trituration,  it  was  reduced  to  a  powder,  which  was  desti* 
tute  of  metallic  lustre,  and  completely  insoluble,  even  by 
several  days'  digestion,  in  muriatic,  nitric,  or  nitro-muriatic 
acid.  Like  chromium,  titanium,  iridium,  and  rhodium,  it  is 
incapable,  therefore,  of  being  oxidized  by  acids,  and  in  order 
to  be  oxidized  requires  to  be  fused  with  caustic  potassa.  At 
a  red  heat^  the  metal  takes  fire,  and  burns  with  a  feeble 
flame.  It  detonates,  also,  when  mixed  with  nitre,  and  pro« 
jected  into  a  red  hot  crucible.  With  other  metals,  it  unites 
and  forms  alloys.*' 


SECTION  XXIV. 
Antimony. 


I.  Antimont,  as  it  occurs  under  that  name  in  the  shopSf 
is  a  natural  compound  of  the  metal  with  sulphur,  in  the  pio» 
portion,  as  stated  by  Proust,  of  75  antimony  and  25  sulphur. 
To  obtain  antimony  in  a  metallic  state,  the  native  suljAurel 
is  to  be  mixed  with  two  thirds  its  weight  of  bi-taitrate  of 

•  Ann.  ds  Chim.  et  Plij^*  Hi*  140 ;  Thomson's  Annals,  Tiii.  S99. 
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poCassa  (in  the  state  of  crude  tartar,)  and  one  third  of  nitrate 
tfpolassa  deprived  of  water  of  ciystallization.  The  mixture 
mat  be  projected,  by  apoonfok,  into  a  red-hot  crucible ;  and 
Ae  detonated  mass  poured  into  an  iron  mould  greased  with 
t  little  &t.  The  antimony,  on  account  of  its  specific  gravity^ 
win  be  found  at  the  bottom  adhering  to  the  scorias,  firom 
iHoA  it  may  be  separated  by  a  hammer.  Or  two  parts  of 
the  sa^huret  may  be  fused  in  a  covered  crucible  with  one  of 
mm  filings,  and  to  these,  when  in  fusion,  half  a  part  of  nitre 
Bty  be  added.  The  sulphur  quits  the  antimony,  and  com- 
Inies  with  the  iron. 

In  order  to  obtain  antimony  in  a  state  of  complete  purity, 
the  metal,  resulting  firom  this  operation,  must  be  dissolved  in 
utRHDuriatic  acid,  and  the  solution  poured  into  water.  A 
ihile  powder  will  precipitate,  which  must  be  dried,  mixed 
twice  its  weight  of  crude  tartar,  and  fused  in  a  crucible, 
the  pare  metal  will  be  produced. 
II.  Antimony  in  its  metallic  state  (sometimes  called  regidus 
^wdinumy)  is  of  a  silvery  white  colour,  very  brittle,  and  of 
t  plated  or  scaly  texture.  Its  specific  gravity,  taken  by  Mr. 
fiitdiett,  was  6.712  ;  by  Dr.  Thomson,  6.424. 

It  is  fusible  by  a  he  at  of  about  810^  Fahrenheit;  and  cry- 
stallizes, on  cooling,  in  the  form  of  pyramids.  Inclose  vessels 
it  may  be  volatilized,  and  collected  unchanged. 

III.  Oxides  ofArUimony. — Antimony  undergoes  little  change 
vben  exposed  to  the  atmosphere  at  its  ordinary  temperature ; 
botwhen  fased,  with  the  access  of  air,  it  emits  white  fiimes, 
consisting  of  an  oxide  of  the  metal.  When  a  small  fragment 
ii  placed  on  charcoal,  and  exposed  to  the  flame  of  a  blow-pipe 
iopplied  with  oxygen  gas,  it  bums  with  great  brilliancy  ;  and 
1  dense  yellow  smoke  of  oxide  arises  from  it.  This  oxide  had 
fenserly  the  name  oi  argentine  Jlowers  of  antimony.  The  va- 
pour of  water,  brought  into  contact  with  ignited  antimony,  is 
decomposed  with  so  much  rapidity,  as  to  produce  a  series  of 
detonations. 

ConnderaUe  difierences  cxbt  among  chemists,  as  to  the 
eoupoadon  of  the  oxides  of  antimony.  According  to  Proust, 
(loinrn.  de  Fhys.  Iv.)  they  may  all  be  reduced  to  two.  The 
fait  mi^be  obtAinedby  pooringmuriate  of  antimony  into  water; 
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washing  the  pj'ccipiuite,  first  with  a  very  weak  solution  ofpo- 
tassa,  and  afterwaixls  with  water;  and  then  drying  it.  It  lias 
a  dirty  white  colour,  melts  at  a  moderate  red  heat,  and  becomes 
claque  on  ccoliDg.  The  peroxide  may  be  procured  by  col- 
lecting the  flowers  uf  antimony  already  de^ribed,  or  by  acting 
on  the  metal  with  nitric  acid,  and  expelling  the  redundant 
acid  by  heat;  or  by  projecting  powdered  metallic  antimony 
into  red  hot  nitre.  This  oxide  is  of  a  perfectly  white  colour^ 
is  less  soluble  than  the  former  in  water,  less  fusible,  and  vuiy 
be  Tolatih'zed  at  a  lower  temperature.  The  two  oxides  a^e 
composed,  according  to  Proust,  as  follows  : 

Tl)c  first  of      100  antimony  +  22.7  oxygen. 
The  second  of  100  antimony  -f  30.    oxygen. 

Berzelius*  has  described  four  compounds  of  oxygen  with 
antimony ;  but  the  first,  obtained  by  the  long  exposure  of  the 
metal  to  a  humid  atmosphere,  gr  by  making  that  metal  the 
positive  conductor  in  a  galvanic  arrangement,  which  he  has 
called  subi^lde^  cannot  be  considered  as  a  definite  compound. 
The  next,  whiqli  is  tlie  true  protoxide^  may  be  obtained  fropi 
muriate  of  antimony  in  the  manner  already  described;  or  by 
boiling  50  parts  of  powdered  metallic  antimony  with  200  of 
concentrated  sulphuric  acid  to  dryness ;  washing  the  remainder, 
first  with  a  weak  solution  of  potassa,  and  then  with  hot  waiter, 
and  drying;  or  by  precipitating  the  compound  called  6'77ic//c 
tartar  with  pure  ammonia,  and  edulcorating  the  precipitate 
,wlth  pl^my  of  hot  water.  This  oxide  fuses  at  a  red  heat,  and, 
on  cooling,  becomes  an  almost  white  mass  resembling  asbestos. 
Jt  appears  to  l^e  the  only  oxide  which  is  capable  of  acting  as 
a  true  base  with  acids,  and  is  that  which  gives  activity  to  the 
principal  medicinal  preparations  of  antimony. 

The  second  or  white  oxide  was  formed  by  Berzelius  by  dis- 

.  solving  metallic  antimony  in  nitric  acid,  and  evaporating  and 

igniting  the  product;  or  by  dissolving  the  metal  in  nitro-mu- 

vijttig  acid,  decomposing  by  water,  washing  the  precipitate, 

^nd  oalcining  it  in  a  platinum  crucible.     When  calcined  suf- 


Saaxfyi  ^uid  not  too  mticli^  its  cokxir  is  |icrfect  or  snoir 

The  third  or  yeitou/  futide  wus  obtained  by  fusing  a  mixtufe 
of  one  pAit  powdered  metallic  antimony  and  six  of  nitre» 
dmf  an  hoar,  in  a  silver  crucible^  and  washing  the  fused 
■isi Srst  with  €x>ld  and  then  with  boiling waticr.  'Jo  the  pro* 
dad,  first  er^porated  to  dryness,  nitric  ocid  was  atldet]^  and 
die  mixture  digeatcrd  several  hours.  A  white  precipitate  was 
fenaed,  which,  Mrhen  edulcorated,  dried,  and  gently  heated  in 
a  plstinum  crucible,  assumed  a  fine  lemon  yellow  colour. 
Tbk  was  the  peroxide  of  antimony.  Dr.  Thomson  obtained 
it  oiore  simply  by  dissolving  antimony  in  nitric  acid,  evapo- 
nting  to  dryness,  ami  exposing  the  product  for  some  hours  to 
a  heat  of  500^  Fahr.  A  ydlow  powiler  remained,  of  which 
7^  parts,  exposed  to  heat,  left  7  of  white  deutoxide ;  and  100 
gnunsby  distillation  gave  vety  nearly  19  cubic  incites  of 
OKjyn  gas.     (Ann.  of  Phil.  N^S.  ii«  125.) 

The  composittoil  of  these  oxides  is  thus  stated  by  Berzelttis, 

Metal. 

1.  Protoxide 84.32  . 

2.  Deutoxide 80.13  . 

1  Peroxide 72.85  , 

Ditto  (corrected  1821*)  ..76.34    . 

It  appears,  therefore,  that  Proust  and  Berzelius  do  not 
oobdde  in  their  statements.  Dr.  John  Davy's  analysis  of  the 
protoxide  exactly  agrees  with  that  of  Berzelius;  and  the  per- 
oside  he  considers,  with  Proust,  as  composed  of  100  metal  + 
SOoxygen.     (Phil.  Trans.  1812.) 

Dr.  Thomson  was  leil,  by  his  experiments,  to  assign  lo  these 
osidesthe  following  pmportions : 

Protoxide 100  metal  -f  18.2  oxygen 

Deutoxide 100    do.     -f  27.3     do. 

Peroxide 100    do.     +  f^QA     do. 

These  proportions,   it  is  evident^  are  more  consistent  with 
die  general  law  of  chemical  combination,  than  the  later  results 


Oxygen. 

Mctnl. 

Oxygen. 

15.68 

100   . 

.   18.6 

19.87 

100   . 

.   24.8 

27.15 

100  . 

.  37.20 

23.66  ' 

100  . 

.   31. 

*  Ann.  (le  Ctiim.  et  de  Phys.  XTii.  \6. 
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of  Berzelius ;  though  they  present,  with  respect  to  the  deu- 
toxidei  the  same  anomaly  as  in  the  case  of  one  or  two  other 
metals,  viz,  that  the  multiple  of  the  oxygen  of  the  first  oxide  is 
1  ^  and  not  an  entire  number.  If  Berzelius's  analysis  of  the 
protoxide  be  correct,  tlie  equivalent  number  for  antimony' 
must  be  43 ;  but  Dr.  Thomson's  determination  would  make  it 
44.     Till  its  composition  is  decided,  we  may  assume  for 

The  equivalent  number  of  antimony  ....  44 

of  the  protoxide   44  +  8     =52 

of  the  deutoxide  44  +  12  =  56 

of  the  peroxide.  .44  +  16  =  60 

The  peroxide  is  precipitated  from  its  combinations  in  the 
form  of  a  white  hydrate,  100  grains  of  which,  when  exposed  to 
a  red  heat,  give  5  grains  of  water,  and  90.48  grains  of  deutoxide^ 
the  loss  (4.52)  consisting  of  oxygen.     (Berzelius.) 

The  deutoxide  and  peroxide  of  antimony  ought  strictly, 
indeed,  to  be  arranged  among  acids,  rather  than  among 
oxides;  for  each  of  them  combines  with  salifiable  bases,  and 
afibrds  a  class  of  salts.  The  first  has  been  called  the  aniimo^ 
n'ous  acid,  and  its  compounds  (uiiimonUes  ;  the  second  the  /i«- 
iimonic  ncid,  and  the  salts  which  it  composes  anlhnoniales. 
These  names  appear  to  me  preferable  to  those  which  have  been 
derived,  by  Berzelius,  from  the  Latin  appellation  itiblum,  viz. 
slibioiny  and  siibic  acids.  For  a  detail  of  the  properties  of  these 
saline  combinations,  I  refer  to  the  memoir  already  quoted,  and 
to  the  5th  volume  of  Ann.  de  Chim.  ct  Phys. 

IV.  Chloride  of  yfnlimotii/.— The  combination  of  antimony 
with  chlorine  is  bcbt  cfTectetl  by  distilling  together  2.'  parts  of 
bichloride  of  mercury  (corrosive  sublimate)  and  1  part  of  pow- 
dered metallic  antimony.  The  product  maybe  rectified,  by  a 
second  distillation  at  a  low  temperature.  It  was  formerly 
known  by  the  name  of  butter  of  antimony^  on  account  of  its 
consistency.  At  common  temperatures,  it  is  a  soft  solid,  which 
liquefies  by  heat,  and  crvbtallizes  on  cooling.  It  deliquiates 
on  exposure  to  the  air,  and,  when  poured  into  water,  a  preci- 
pitate falls,  called  Al^^nrottis  powder^  which  is  a  mhmiiriatc  pf 
the  protoxide.  From  this,  the  muriatic  acid  is  removeable  by 
a  weak  solution  of  |)otassa,  and  the  oxide  remains  pure. 
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Chloride  of  anilmoiiy  has  been  inferred  by  Dr.  Dary,  from 
direct  experimentSy  to  consist  of 

Chlorine  •••••.•••  S9.58    100. 

Antimony 60.42   150.13 

100. 

If  ibis  determination  vrere  correct,  the  equivalent,  deducible 

iinxQ  it  for  antimony,    i^ould  be  54,  a  number  differing  widely 

bom  that  already  deduced  from  the  composition  of  the  prot- 

cfldde.    It  is  more  probable,  that  some  error  has  crept  into 

the  estimate  of  the  composition  of  the  chloride,  than  that  the 

constitution  of  tbe  protoxide  has  been  mis-stated. 

Mide of  antimoni/  is  of  n  dark  red  colour;  and,  when  acted 
oponby  water,  yields  liydriodic  acid  and  oxide  of  antimony. 
\1.  Salts  of  Anltmony , — Antimony  is  soluble  in   most  of 
the  adds.    When  heated  with  sulphuric  acidj  the  acid  is  de- 
composed; sulphurous  acid  is  disengaged  ;  and  thcantimony, 
bong  converted  into  protoxide,  a  subsulphatc  is  the  product. 
Nitric  add  dissolve's  this  metal  with  great  vehemence;  but  the 
most  convenient  solvent  is  the  nitro-muriatic  acid,  which  acts 
upon  the  metal  both  in  a  separate  state,  and  as  it  exists  in  the 
Uack  sulphuret.      Muriatic  acid  acts  on  the  latter  compound, 
and  evolves  sulphureted  hydrogen  gas  in  abundance,  and  of 
great  purity,  and  muriate  of  ammonia  is  also  formed,  and  re- 
mains in  solution  along  with  the  muriate  of  antimony.     (Ber- 
zelius,  Ann.  de  Chim.  et  Phys.  xvii.) 

Phosphate  of  antimony  has  not  been  examined.  The  medi- 
cinal preparation,  called  James's  powder,  was  found  by  Dr. 
Pearson  to  consist  of  57  protoxide  of  antimony,  and  43  phos- 
phate of  lime;  and  it  has  been  imitated  in  the  pulvis  aniimo- 
nialis  of  the  London  Pharmacopceia,  which  is  formed  by  cal- 
cining the  native  sulphuret  with  hartshorn  shavings.  The 
preparation  appears  to  be  often  uncertain,  and  even  almost 
inert,  and  to  vary  as  to  the  state  of  oxidation  in  the  antimony, 
containing  sometimes  a  large  proportion  of  the  peroxide.* 
Tariarized  antimony^  or  emetic  tar  tar  ^  is  a  triple  salt  of  prot- 


•  See  Mr.  R.  Phillips  in  Add.  of  Phil.  N.S.  ir.  260. 
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oxide  of  antimony,  potassa,  and  tartaric  acid.     It  is  best  pre-  t 
parcil,  according  to  Mr.  R.  Pliillips  (on  the  London  PhanmH  •( 
oopoeia,  p.  80.)  by  boiling  100  parts  of  metallic  antimony  to  t 
dryness  with  200  of  sulphuric  acid.     One  hundred  parts  of  the  e 
resulting  subsulphate,  boiled  in  an  iron  vessel  with  an  equal   ^ 
weight  of  bi-tartrate  of  potassa,  give  at  the  first  crystallization    ^ 
90  parts  of  tartarized  antimony ;  and  a  further  quantity  may    ; 
be  obtained  by  evaporating  the  solution.     The  primitive  crystal    , 
of  this  salt  is  a  rectangular  octohedron,  the  planes  of  which 
meet  at  the  summit  at  an  angle  of  about  63°.     Like  other  sub- 
stances possessing  a  similar  primitive  foimi  it  admits  of  the  te- 
trahedron as  one  of  its  varieties.     This  salt  ought  to  form» 
witli  a  dilute  solution  of  sulphuret  of  potassa,  an  orange  co* 
loured  precipitate. 

V.  Sulphuret  of  Antimony. — Antimony  combines  with  sul^ 
phur^  and  forms  an  artificial  sulphuret,  exactly  resembling  the 
native  compound,  which  last  may  be  employed,  on  account  of 
its  cheapness,  for  exhibiting  the  properties  of  sulphuret  of  an- 
timony. The  proportions  of  its  ingredients,  as  stated  by  Ber* 
zelius,  diflTer  from  those  assigned  by  Proust,  vk. 

Antimony 72.86    ....   100 270 

Sulphur 27-H    ....     37.25  ....  100 

100. 

Dr.  Tl)omson*s  recent  analysis  makes  it  to  consist  of  77-j- 
metal  +  264  sulphur,  or  of  100  melal  -h  34.4  sulphur.  To 
be  double  the  oxygen  of  the  protoxide,  the  sulphur  ought  to 
be  36.4  to  100  of  the  metal. 

When  native  sulphuret  of  antimony  (frequently  called  crude 
antimony)  is  slowly  roast cil  in  a  shallow  vessel,  it  gradually 
loses  its  sulphur,  the  metal  attracts  oxygen,  and  is  mostly 
converted  into  a  grey  oxide.  This,  being  melted  in  a  strong 
heat,  ac<|ui res  a  reddish  colour,  and  runs  into  a  glassy  sub- 
stance, transparent  at  its  edges,  and  termed  glass  of  antimony. 
It  consists  of  eight  parts  of  protoxide  and  one  of  sulphuret, 
with  ten  per  cent,  of  silex.  The  same  quantity  of  oxide  and 
two  uf  sulphuret  give  an  opiKjUc  compound,  of  a  red  colour 
inclining  to  yellow  ;  and  called  crorws  meiallorttm.  M^ith  eight 
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pirtsof  oxide  and  four  of  sutptiur,  we  obtain  an  opaque 
rfa  fok  red  colour,  called  liver  of  aniimotiy.  In  all  tbete 
compoonds,  the  oxide  is  at  its  minimum  of  oxidation ;  tor  the 
pertxtide  is  inca|Mil>le  of  dissolving  the  sulphnref. 

2.  When  fused  with  potassa,  a  trt|>ie  compound  is  formed^ 
tPipdaed  of  alkali,    sulphar,  and  antimony.     Or  the  combi» 
Mtioii  may  be  cfieded,  in  the  humid  way,  by  bailing  the  pow- 
dered native  sulphuret   with  pure  potassa.     The  solution,  on 
cooling,  deposits   an   hydro-sulphureted  oxide,   in  which  the 
oodde  prevails,  called  Kermes  mineral.     This  compound,  from 
Dr.  Thomson's  analysis,  appears  to  be  composed  of  1  atom  of 
protoude  +  1  atom  of  sulphureted  hydrogen,  or  of  75.36  of 
tke  former  +   24>.G4<  of  the  latter.     The  addition  of  a  dilute 
wA  to  the  cold  solution,  precipitates    a  compound,  called 
pUem  ttUphfir  cfanfifnoffy^  which  may,  also,  be  obtained  by 
fatnnposing  chloride  of  antimony  with  a  sufficient  quantity  of 
IvydtotiitphaTet  of  potassa.     From  Kermes  mineral,  this  com<* 
pound  differs  only  in  containing  a  larger  proportion  of  suU 
phveted  hjfdrogen;  for  Kermes  may  be  changed  into  the 
IJoUen  salphur  of  antimony,  by  water  impregnated  with  sal- 
jdioreted  hydrogen. 

3.  When  the  sulphuret  of  antimony  is  detonated  with  twice 
its  weight,  or  upwards,  of  powdered  nitre,  the  sulphur  is  oxy- 
genated by  the  oxygen  of  the  nitric  acid ;  sulphate  of  potassa 
is  formed,  and  an  oxide  of  antimony  is  obtained,  varying  in 
its  degree  of  oxidation,  with  the  propoition  of  nitre  which  hiis 
been  employed.  The  oxide  remoins,  after  washing  away  the 
solphate  with  boiling  water.  If  four  times  its  weight  of  nitre 
be  empto}'ed,  the  metal  gains  SS  per  cenl,  of  oxygen ;  acquires 
the  characters  of  an  acid ;  and  forms,  with  potassa,  a  crystal- 
lizable  compound,  or  antimomate, 

VI.  Alloys  of  Anlimofry. — Antimony  enters  into  combina- 
tion with  most  of  the  metals.  It  destroys  the  ductility  of  gold, 
even  when  it  composes  only  ^.^^th  of  the  whole  mass,  or  when 
its  iiimes  alone  come  into  contact  with  melted  gold.  The  most 
important  of  its  alloys  is  that  which  it  forms  with  leml.  In 
the  proportion  of  one  part  to  sixteen  of  lead,  it  composes  the 
metal  for  printers*  types.  It  may  be  alloyed  with  tin,  but  if 
its  proportion  in  the  alloy  exceeds  one  fourth,  the  tin  loses  its 
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ductility.  Tin,  also,  by  combination  with  more  than  -J^  of  3\ 
its  weight  of  antimony,  acquires  the  insolubility  of  the  latter  ^\ 
metal  in  muriatic  acid.*  In  analyzing  compounds  of  tin  and  * 
antimony,  it  is  necessary  first  to  make  an  alloy,  in  which  the  :^ 
antimony  shall  not  exceed  the  above  proportion  of  -^th  part»  ic 
for  then  concentrated  muriatic  acid,  by  digestion  with  this  d 
jilloy,  dissolves  the  tin,  and  leaves  the  antimony  untouched.       i 


SECTION  XXV. 
Uranium. 

This  metal  was  discovered  by  Klaproth,  in  1789,  in  a  mi- 
neral called  pechblende^  which  contains  uranium  combined 
with  sulphur.  The  metal  is  separated  from  the  sulphur,  first 
by  roasting ;  then  dissolving  the  ore  in  uitro-muriatic  acidf 
and  precipitating  by  an  excess  of  pure  ammonin.  An  orange* 
coloured  precipitate  is  obtained,  which  is  an  oxide  of  uranium. 
This  may  be  reduced  to  a  metallic  form,  in  the  same  manner 
as  the  molybdic  ncid. 

Uranium  is  of  an  iron  grey  colour ;  and  internally  of  a 
reddish  brown.  It  has  only  been  obtained  in  small  grains 
of  considerable  hardness  and  lustre,  and  of  the  specific  gravity 
9.  Its  fusion  is  very  diflicultly  effected.  It  undergoes  no 
change  by  exposure  to  nir,  unless  strongly  heated,  when  it 
burns,  and  becomes  a  bhick  oxide. 

The  metal  is  most  soluble  in  nitric  acid.  The  nitrate  forms 
prismatic  brownish  yellow  crystals,  which  have  a  peculiar  iri- 
descent appearance,  arc  deliquescent,  and  are  constituted,  ac- 
cording to  Bucholz,  ofGl  base,  -f  25  acid,  -Hit  water. 

With  sulphuric  acid,  it  affords  a  salt  of  similar  colour  and 
shape  to  the  nitrate,  consisting  of  70  oxide  4  18  acid,  +  12 
water. 

Its  hydratcd  oxide,  when  precipitated  by  ammonia  from 
nitric  acid,  is  of  a  yellow  colour,  and  dissolves  in  acids.  When 
gently  dried,  it  consists  of  88  oxide,  and  12  water  in  100.     It 
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vpredpilated  again  by  alkalis ;  and  U  thrown  dowiii  of  a 
nd&h  brown  colour^  by  prussiates.  Sulphuret  of  ammonia 
pvtt a  brownish  yello^v  precipitate;  and  tinctare  of  galls,  a 
cfcocolate  brown  one.  When  exposed  to  intense  galvanic  ac» 
doo,itis  fused,  but  not  reduced. 

The  yellow  oxide  of  uraaium  is  insoluble  in  alkalis,  which 
£stiiiguishes  it  from  the  oxide  of  tungsten.  It  is  soluble, 
bovever,  by  alkaline  carbonates,  especially  by  carbonate  of 
ammonia. 

There  appear  to  be  two  oxides  of  uranium,  the  yellow  one, 
wliich  retains  its  colour  when  heated  alone,  and  becomes  the 
llack  oxide,  when  heated  with  a  little  oil.     The  first,  accord* 
iDgto  Bucholz,  consists  of  80  metal  and  20  oxygen;  but  the 
oomposition  of  the  black  oxide  is  not  yet  determined,     Ac- 
corfngto  the  experiments  of  Scholibert  (Thomson's  Chemis- 
tiy,  1.427)  the  composition  of  the  protoxide  of  uranium,  de- 
docedfrom  the  analysis  of  the  muriate,  is  100  metal  +  6.373 
oxygen ;  and  the  multiple  of  the  oxygen  in  the  peroxide,  being, 
according  to  the  same  authority  1  J-,  we  have   100  metal,  + 
9.569  oxygen  for  the  composition  of  the   peroxide.      This 
vould  make  the  weight  of  the  atom  of  uranium    125,  of  the 
protoxide  133,  and  of  the  peroxide  137.     But  from  a  series  of 
experiments   which  arc  described  in  the  Quarterly  Journal, 
xix,  88,  it  seems  probable  that  72  may  be  the  equivalent  num- 
ber.   The  subject,  however,  still  remains  in  considerable  un- 
certainty,  and  more  especially  as  the  analyses  of  its  salts,  as 
tbere  stated,  afford  equivalent  numbers  that  do  not  coincide 
with  each  other. 


SECTION  XXVI. 


Cerium. 


I.  CEaiUM  was  discovered,  by  Messrs.  Berzelius  and 
Hisinger  of  Stockholm,  in  a  mineral  from  Bastnas,  in  Sweden, 
which  had  been  supposed  to  be  an  ore  of  tungsten.  This  dis- 
covery has  been  since  confirmed  by  Vauquelin;  who,  after 
a  careful  examination  of  the  mineral,  concurs  in  opinion. 
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that  it  contains  titc  oxiile  of  nn  unknown  metnl.     From  the 
planet  Ceres,  discovered  about  the  same  period,  it  has  bett 
called  Cerium ;  and  the  mineral  that  contains  it  is  tenntd'* 
Cerite.*    Cerium  has  since  been  found  by  Dr.  Thomson  to"  " 
compose  40  per  cent,  of  a  mineral  from  Greonlaml,  fifrst  di»-  *^ 
tinguished  as  a  peculiar  species  bjr  Mr.  Allan  of  Edinboi^b,  '' 
and  thence  called  Allanite.  '^ 

II.  Oxides. — To  obtain  the  oxide  of  this  metal,  the  cerite,  ^ 
after  being  calcined  and  pulverized,  is  dissolved  in  nitro^  * 
muriatic  acid.  The  solution  is  filtered,  neutralized  with  pure  ' 
potash,  and  then  precipitated  by  tartrate  of  potassa ;  or,  ai  ^ 
Laugier  recommends,  by  oxalic  acid.  This  precipitate,  wdl  ' 
washed,  and  afterwards  calcined,  is  the  oxide  of  cerium.  The  • 
white  oxide  has  been  determined  by  Hisinger,t  to  consist  of 

Cerium 85.088 100. 

Oxygen It  912 17.41 

100. 

The  peroxide^  which  is  obtained  by  calcining  the  white 
oxide,  is  of  a  fallow  red  colour.     It  is  composed  of 

Cerium 79.29 100. 

Oxygen 20.71 26.1 15 

100. 

Hence  it  appears  that  the  oxygen  in  the  protoxide  is  to  tliai 
in  the  {x^roxide  very  nearly  as  2  to  3.  If  then  we  consider 
the  former  as  constituted  of  2  atoms  of  oxygen  -f  1  of  metaly 
the  equivalent  for  cerium  will  be  92 ;  if  of  one  atom  only  of 
oxygen  +  1  atom  of  metal,  the  representative  number  of 
cerium  will  be  46;  that  of  the  protoxide  51-;  and  that  of  the 
|>eroxide  62. 

III.  Sails  of  Cerium. — S:tlj)luaic  tuid^  diluted  with  four  times 
its  weight  of  water,  dissolves  the  reil  oxide.  The  solution,  on 
being  evaporated,  yields  crystals,  some  of  which  are  orangey 
and  othei's  have  a  lemon  yellow  colour.  The  sulphate  it 
soluble  only  by  an  excess  of  acid.     Its  taste  is  saccharine 


•  Sec  NichoUoirs  Journal,  xii.  lOj.         f  Tliorason's  Annals,  iv.  357. 
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jwxed  with  acid.  Sulphuric  acid  vcadily  unites  also  with  the 
vkice  oxide ;  the  solution  is  nearly  colourless*  but  has  a  slight 
my  tinge.  It  has  a  saccharine  to&te,  unmixed  with  acidity^ 
and  yields  white  crystals. 

Nitric  acid  unites  most  easily  with  the  white  oxide.  The 
soliiuon  is  very  sweet,  and  is  not  crystal lizable.  When  decom- 
posed by  heat,  it  leaves  a  brick-coloured  oxide. 

iluriaiic  acid  dissolves  the  red  oxide;  and  the  solution  crys- 
tallizes coofusedly.  The  salt  is  deliquescent ;  soluble  in  an 
equal  weight  of  water;  and  in  three  or  four  pnrts  of  alcohol. 
When  this  solution  is  concentrated,  it  bums  with  a  yellow 
ifnrkling  flame.  The  dry  salt  consists  of  100  )>arts  of  muriatic 
stid  united  with  197*5  of  oxide  of  cerium. 

An  infusion  of  galls  produces,  in  muriate  of  cerium,  a 
jrilowish  precipitate  not  very  abundant.  A  few  drops  of  am- 
monia throw  down  a  veni'  voluminous  one  of  a  brown  colour, 
which  becomes  black  and  brilliant,  by  desiccation.  By  the 
action  of  heat,  it  assumes  a  brick-red  colour. 

Oxide  of  cerium  unites  readily  with  carbonic  acid.  This 
union  is  best  effected,  by  precipitating  a  solution  of  the  oocide 
with  carbonate  of  potassa.  An  eifervescence  ensues ;  and  a 
white  and  light  precipitate  is  formed,  which  assumes,  on  dry- 
ing, a  silvery  appearance.  It  contains  per  cent.  57.9  parts  of 
protoxide,   19.1  of  water,  and  23  of  carbonic  acid. 

IV.  Sulphurcted  hydrogen  does  net  unite  wiih  cerium. 

V.  Properties  of  the  metal. — 1  he  attem})ts  of  Vanquelin  to 
reduce  the  oxide  of  cerium  produced  only  a  small  metallic 
globule,  not  larger  than  a  pin's  head.  This  globule  was  not 
acted  upon  by  any  of  the  simple  acids  ;  but  it  was  dissolved, 
though  slowly,  by  nitro-murintic  acid.  The  solution  was 
reddish,  and  gave  traces  of  iron ;  but  it  also  gave  evidtnt 
marks  of  cerium,  by  the  white  precipitate  which  tartrite  of 
potassa  and  oxalate  of  ammonia  threw  down.  The  metallic 
globule,  also,  was  harder,  whiter,  much  more  brittle,  and  more 
scaly  in  its  fractare,  than  pure  cai^t-iron.  When  ex))«sed  by 
Mr.  Children  to  his  powerful  Galvanic  battery,  oodic  of 
cerium  fused ;  and,  when  intensely  healed,  burned  wilh 
a  vivid  vrfiite  Same,  and  wm  partly  vobtilized.  The  fiwcd 
oxide,  on  exposure  {Qr  ^  fqw  houi's  to  the  air,  fell  into  a  light 
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Inrown  powder,  containing  numerous  particles  of  a  silvery 
lustre.  Hence  cerium  appears  to  be  a  volatile  metal,  unless  it 
be  volatilized  in  the  state  of  an  oxide,  which  remains  to  be 
decided  by  future  experiments. 


SECTION  XXVII. 

Cohalt. 

I.  Cobalt  may  either  be  obtained  from  a  substance,  which 
may  be  purchased  under  the  name  of  Zaffre,  by  fusing  the 
zaffre  with  three  times  its  weight  of  black  flux ;  or  it  may  be 
purchased,  at  a  moderate  price,  in  a  metallic  form.  It  has 
been  found  by  Stromeyer  in  a  meteoric  stone  from  the  Cape 
of  Good  Hope,*  and  by  others  in  stones  of  similar  origin. 

To  obtain  cobalt  in  a  perfectly  pure  state,  Tromsdorff  re- 
commends, that  the  zaffre  should  be,  three  times  successively, 
detonated  with  one  fourth  its  weight  of  dry  nitre,  and  one 
eighth  of  powdered  charcoal.     After  the  last  of  these  opera- 
tions, the  mass  is  to  be  mixed  with  an  equal  weight  of  black 
flux,  and  the  cobalt  reduced.     The  metal  is  then  to  be  pul- 
verized, and  detonated  with  thrice  its  weight  of  dried  nitre. 
This  oxidizes  the  iron  to  its  maximum ;  and  acidifies  the 
arsenic ;  which  last  unites  with  the  potassa.     Wash  ofi^  the 
arseniate  of  potassa,  and  digest  the  residue  in  nitric  acid.  This 
will  take  up  the  oxide  of  cobalt,  and  leave  the  oxide  of  iron. 
Evaporate  to  dryness;  re-dissolve  in  nitric  acid;  filter  the 
solution ;  and  decompose  it  by  a  solution  of  potassa.     The 
oxide  of  cobalt,  now  obtained,  may  be  reduced  by  the  black 
flax,  as  before  directed.      Dr.  Thomson  obtains  the  metal 
more  summarily  by  the  decomposition  of  the  oxalate  of  co- 
balt.    (Ann.  of  Phil.  N.  S.  i.  250.) 

Cobalt  has  a  greyish  white  colour,  inclining  somewhat 
to  pink.  Its  specific  gravity  is  7.7 ;  it  is  brittle  and  easily  re- 
duced to  powder ;  is  not  finible  with  a  less  heat  than  1 30*  of 
Wedgewood;  and,  when  slowly  cooled,  may  be  obtained 
djstallized  in  irregular  prisms.    It  is  magnetic^  and  was 

*  Thonsoci's  AdmIs,  iii  349. 
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fraud  by  Wenzel  to  be  convertible  into  a  magnet,  having  all 
Ae  properties  of  the  magnetic  needle.  This  quality,  however, 
Mr.  Cheaevix  imputes  to  its  contamination  with  a  small  quan- 
tity of  iron. 

IL  0:ades  of  cobali. — By  exposure  to  the  atmosphere  cobalt 

is  tarnished,  but   not  oxidized  to  any  extent.     In  an  intense 

keit  it  bums  with  a  red  flame ;  but,  if  pure,  it  is  not  easily 

cxidiaed  by  a  moderate  temperature.     Its  oxide,  formed  by 

long  exposure  to  a  strong  heat  with  access  of  air,  is  of  a  deep 

Uoe,  approaching  to  black.     This,  from  the  experiments  iX 

Tbeuard,  appears  to  be  the  protoxide^  which  may  be  obtained^ 

ako,  by  precipitating  the  nitrate  of  cobalt  with  potassa.     The 

predpitate,  which  at  first  is  a  bright  blue  hydrate,  becomes 

wlien  dry  of  so  dark  a  blue  as  to  appear  black.    It  dissolves 

readily  in  muriatic  acid,  giving  a  solution  which  is  green 

vhen  concentrated,  and  red  when  diluted.     Its  solutions  in 

SB^uric  and  nitric  acids  are  always  red. 

When  this  oxide  is  exposed  to  the  atmosphere,  it  gradually 
absorbs  an  additional  quantity  of  oxygen ;  and  becomes  olive 
green.  Treated  with  muriatic  acid,  it  gives  chlorine  gas,  and 
a  red  solution  is  obtained.  This  olive  compound  Sir  H.  Davy 
suspects  to  be  a  mixture  of  hydrate  and  oxide  of  cobalt,  and 
not  a  peculiar  oxide. 

When  either  of  the  two  preceding  oxides  is  heated  in  the 
open  air,  it  passes  to  a  flea-brown  colour,  which  gradually  be- 
comes black.  This  is  the  metal  oxidated  to  its  maximum* 
The  peroxide  dissolves  in  muriatic  acid,  with  a  copious  disen- 
gagement of  chlorine.  It  is  insoluble,  however,  in  sulphuric 
ind  nitric  acids,  till  it  has  parted  with  oxygen  enough,  to 
reduce  it  to  the  minimum  state.  It  is  incapable,  also,  of  being 
disserved  in  pure  alkalis,  or  of  tinging  vitrifiable  mixtures 
Uoe. 

The  black  or  peroxide,  heated  for  half  an  hour  at  the 
bottom  of  a  crucible,  loses  a  part  of  its  oxygen,  and  is  re- 
duced to  the  state  of  protoxide.  The  protoxide  is  composed. 

Metal.     Oxygen.        Metal.   Oxygeo. 
to  Proust,  of..8S.5   ••16.5   ••  ••  lOO*.  19.8 

—  Rolbo^.«..79.56..  21.44....  100..  27.3 

—  Thomson.  ••  • • ••  100  ••88.5 

^Bnaide.^, 100.«Si.7 
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And  pieroxide  of  cobalt  coosists, 

Metal.  Oxygen.       Metal.      Oxygen. 
According  to  ProuRt,  of . .  75  . .  25  ....  100  . .  83.25 
Rolhoft: 71   ..  29  ....  100  ..  40.85 

RoIliofT  ascertained  that  1 00  parts  of  peroxide  of  cobalt, 
exposed  to  a  strong  heat,  lose  from  9.5  to  9.9.*  Taking  the 
mean,  9.7,  we  have  100  of  the  peroxide  composed  of  9.7 
oxygen  +  90.3  protoxide,  the  oxygen  in  which,  according  to 
the  same  authority,  is  19.3.  Therefore  9.7  +  19.3  =  29,  is 
the  oxygen  in  100  of  the  peroxide;  or  100  of  die  metal  con- 
dense 40.85  oxygen.  Hence  the  peroxide  contains  I-^  times 
as  much  oxygen  as  the  protoxide.  Assuming  then  the  prot- 
oxide to  consist  of  1  atom  of  metal  +  1  atom  of  oxygen,  the 
^uivalcnt  number  for  cobalt  will  be  very  nearly  30 ;  for  the 
protoxide  38 ;  and  for  the  peroxide  42.  The  anomaly  of  the 
fractional  atom  in  the  peroxide,  may  be  got  over  by  doubling 
the  atom  of  cobalt,  and  considering  the  protoxide  as  1  metal 
+  2  oxygen,  and  the  peroxide  as  1  metal  -f-  3  oxygen ;  but 
in  that  case  the  true  protoxide,  consisting  of  an  atom  of  each 
element,  must  be  supposed  to  be  unknown.  The  subject, 
indeed,  appears  to  require  further  elucidation  from  experi- 
ment. 

III.  Chloride  of  Cobalt. — Cobalt  takes  fire  when  introduced, 
in  a  finely  divided  state,  into  chlorine  gas;  but  the  compound 
has  not  been  examined.  Mr.  Brande,  from  the  analysis  of 
the  chloride  obtained  by  evaporating  muriate  of  cobalt,  infers 
that  100  of  chlorine  unite  with  91.1  of  cobalt;  but  this  would 
give  for  the  equivalent  of  that  metal  a  higher  number  (32.54) 
than  the  number  dcducible  from  the  composition  of  the  oxide. 

IV.  Salts  of  Coialt.— Sulphuric  acid  docs  not  attack  cobalt 
unless  when  concentrated  and  heated  ;  nor  does  it  readily  dis- 
solve the  oxide.  They  may,  however,  be  brought  to  combine, 
and  the  result  is  a  salt  in  small  red  prismatic  crystals,  com- 
posed, according  to  Dr.  Thomson,  of 

Sulphuric  acid 54.08  ....  100 

Protoxide  of  cobalt 45.92  . « . .     85 

100. 

♦  Annals  of  I'hil.  iu.  366. 
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Niiro-muriaie  and  Nitrate  of  Cobalt.-^The  best  solvents  of 
cobalt  are  the  nitro-muriatic  and  nitric  acids;  and  the  solu*- 
tions  have  the  property  of  forming  sympathetic  inks.  One 
part  of  cobalt,  or,  still  better,  of  zaffre,  may  be  digested,  in  a 
sand-heat,  for  some  hours,  with  four  parts  of  nitric  acid.  To 
the  solution,  add  one  part  of  muriate  of  soda ;  and  dilute  with 
four  parts  of  water.  Characters  written  with  this  solution  are 
illegible  when  cold ;  but  when  a  gentle  heat  is  applied,  they 
assume  a  beautiful  blue  or  green  colour.*  This  experiment  is 
rendered  more  amusing,  by  drawing  the  trunk  and  branches 
of  a  tree  in  the  ordinary  manner,  and  tracing  the  leaves  with 
a  solution  of  cobalt  The  tree  appears  leafless,  till  the  paper 
is  heated,  when  it  suddenly  becomes  covered  with  beautiful 
foliage. 

The  crystals  of  nitrate  of  cobalt^  are  small  prisms  of  a  red 
colour.  They  are  deliquescent  in  the  air,  and  decomposable  by 
heat,  leaving  a  deep  red  powder.  When  thrown  into  a  flask  full 
of  liquid  potassa,  they  are  immediately  decomposed.  A  blue 
precipitate  is  formed,  which,  if  the  flask  be  immediately  closed, 
passes  to  violet,  and  afterwards  to  red,  by  becoming  the 
hydrate  or  hydrated  oxide  of  cobalt.  This  compound  is  soluble 
in  cold  carbonate  of  potassa  and  tinges  it  red.  The  oxide  is 
not  soluble  in  this  liquid.  The  hydrate  loses  from  20  to  21 
per  cent,  of  water  by  heat,  and  is  reduced  to  protoxide.  Solu- 
tions of  cobalt  are  precipitated  by  carbonated  alkalis,  at  first 
of  a  peach-flower  colour,  and  afterwards  of  a  lilac  hue. 

Phosphate  of  cobalt  is  formed  by  mixing  muriate  of  cobalt 
and  phosphate  of  soda.  A  lilac  precipitate  falls,  which,  if 
mixed  with  eight  parts  of  fresh  precipitated  alumina,  and 
dried,  forms,  according  to  Thenard,  a  blue  pigment  that  may 
be  substituted  for  ultra  marine. 

Oxalic  acid  throws  down  from  solutions  of  cobalt  a  rose 
coloured  precipitate ;  ferro-cyanale  of  potassa  one  of  a  grass 
green  colour ;  solution  of  borax  a  pink  compound ;  and  hydro-- 
iulphieret  of  ammonia  a  black  hydro-sulpburct  of  cobalt. 

*  For  some  ingenious  speculations  on  the  cause  of  these  phenomena, 
consult  Mr.  Hatchett's  paper  on  the  Carliithian  mol^bdate  of  lead.  (Phi* 
toiophical  Tn^aeticDS;  iTfK^.) 
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V.  SulpliureL— Cobalt  may  be  brought  to  combine  directly 
with  sulphur  and  with  phosphorus ;  but  the  compounds  have 
no  peculiarly  interesting  properties.  The  sulphuret  is  com- 
posed,  according  to  Proust,  who,  however,  does  not  place 
much  reliance  on  his  analysis,  of 

Cobalt 71.5 100. 

Sulphur 28.5 39.8 

100. 

VI.  Alloys, — Cobalt  may  be  alloyed  with  most  of  the 
metals,  with  the  exception  of  bismuth  and  zinc ;  but  its  alloys 
have  not  yet  been  applied  to  any  useful  purpose. 

Cobalt,  when  oxidized,  is  the  basis  of  zaffre.  This  is 
generally  prepared  by  roasting,  from  the  ore,  its  volatile  in- 
gredients; and  mixing,  with  the  remainder,  three  parts  of 
sand,  or  calcined  flints.  Zaffre,  when  fused,  forms  a  blue 
glass;  which,  when  ground  and  washed,  is  the  substance 
termed  smalts,  used  as  a  colouring  substance  for  linen,  and 
for  imparting  a  blue  colour  to  glass.  These,  and  its  applica- 
tion in  the  manufacture  of  porcelain,  are  the  principal  uses  of 
cobalt  in  the  arts. 


SECTION  XXVllI. 

Titcmium. 

I.  Titanium  is  obtained  from  a  mineral  discovered  in 
Hungary,  &c.,  called  red  schorl,  or  titanite;  and  it  is  found, 
also,  in  a  substance  from  Cornwall,  termed  menachanite ;  in 
octahedral  iron  ore  from  Corsica ;  and  in  the  specular  iron  ore 
of  Elba.  It  was  in  menachanite,  that  it  was  originally  dis- 
covered by  Mr.  Gregor  of  Cornwall ;  and  its  characters  have 
since  been  more  fully  investigated  by  Klaproth,  Vauquelin 
and  Hecht,  Lovitz,  and  Lampadius.  To  separate  it  from 
titanite,  the  mineral  is  to  be  reduced  to  powder,  and  fused 
with  twice  its  weight  of  potassa.  When  the  fused  mass, 
after  cooling,  is  dissolved  in  water,  a  white  oxide  of  titanium 
remains.    To  free  it  from  iron,  Laugier  dissolved  this  oxide 
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acid,  and  added  oxalic  acid,  which  separates  a 
■iMie  flocculent  precipitate  of  oxalate  of  titanium.*  The 
milie  acid  in  this  may  be  destroyed  by  calciuation. 

Meoachanite  is  to  be  first  fused  with  potassa  in  a  similar 
■mner ;  and  to  the  alkaline  solution,  muriatic  acid  is  to  be 
added.  This  dissolves  the  oxide  of  iron,  and  precipitates  the 
vhite  oxide  of  titanium,  still,  however,  contaminated  by  some 

ffCMl. 

II.  The  oxide  of  titanium  fuses,  but  is  not  reduced  by  a 
powerful  Galvanic  battery.  It  is  reduced,  however,  by  ex- 
pcfiore  to  an  intense  heat,  moistened  with  oil,  and  surrounded 
bj  powdered  charcoal.  A  blackish  blistered  substance  is  oh* 
tUDcd,  some  points  of  which  have  a  reddish  colour.  Lam* 
padius  states  its  colour  to  be  that  of  copper,  but  deeper ;  and 
its  lostre  to  be  considerable.  It  is  brittle,  but  when  in  thin 
phtes^  has  considerable  elasticity.  When  this  is  boiled  with 
acid,  no  remarkable  effect  ensues,  but  the  bright  spots 
and  are  succeeded  by  a  while  compound.  Nitro- 
■oriatjc  acid  forms,  also,  a  white  powder,  which  remains 
appended  in  it.  Sulphuric  acid  exhibits  a  similar  appearance; 
salphurous  acid  is  disengaged;  and  the  titanium  is  partly 
changed  to  a  white  oxide,  and  partly  dissolved.  Muriatic 
scid  dissolves  titanium,  but  not  its  oxide. 

II L  The  solutions  of  titanium  give  a  white  precipitate  with 
(^rbonates  of  alkali ;  a  gross  green,  mixed  with  brown,  with 
prussiate  of  potash ;  and  a  dirty  dark  green,  with  hydro-sul- 
phurets.  Infusion  of  galls  precipitates  a  reddish  brown  sub- 
stance, which,  if  the  solution  be  concentrated,  has  the  appear- 
ance of  coagulated  blood.  A  rod  of  tin,  immersed  in  the 
solution,  imparts  to  the  liquid  around  it  a  fine  red  colour ; 
and  a  rod  of  zinc  a  deep  blue  one. 

IV.  Titanium  tarnishes  by  exposure  to  the  atmosphere,  and 
is  oQudized  when  heated  with  access  of  air.  It  is  susceptible 
of  three  stages  of  oxidizement.  The  first  oxide  is  blue  or 
norple,  the  second  red,  and  the  third  white.  The  white  oxide 
is  the  only  one,  with  the  composition  of  which  we  are  accu 
niteiy  acquainted.     It  has  been  shown,  by  Vauquelin  and 
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Hecbty  to  coDsUt  of  89  parts  of  the  red  oxide  and  1  i  parts  of 
oxygen. 

Mr.  Rose  of  Stockholm  has  attempted  to  analyze  oxide  of 
titanium  by  converting  it  into  a  sulphuret.  Passing  sulphuret 
of  carbon  over  the  oxide  ignited  in  a  porcelain  tube,  he  ob« 
tained  a  greyish  yellow  mass  bordering  on  green.  From  the 
analysis  of  this  compound,  he  deduces  that  the  oxide  of  titanium 
contains  33.93  hundredths  of  its  weight  of  oxygen.  The  oxide^ 
he  observes,  does  not  possess  any  of  the  characters  of  a  salifiable 
base.  It  dissolves  in  water,  reddens  vegetable  blues,  and 
expels  carbonic  acid  from  carbonates.  (Quarterly  Journal,  xiii. 
226.)  In  these  qualities,  it  approaches  to  the  nature  of  an 
acid.  In  the  present  state  of  our  knowledge  of  titanium,  it 
would  be  premature  to  attempt  to  deduce  its  equivalent. 

V.  Titanium  appears  to  be  incapable  of  uniting  directly 
with  sulphur ;  but  Mr.  Chenevix  has  succeeded  in  combining 
it  with  phosphorus. 

The  only  alloy  of  any  consequence,  which  it  forms,  is  with 
iron.  It  is  of  a  grey  colour,  interspersed  with  brilliant  parti- 
cles, and  is  quite  infusible. 


SECTION  XXIX. 

Bismuth, 

Bismuth  has  a  reddish  white  colour,  and  is  composed  of 
broad  brilliant  plates  adhering  to  each  other.  Its  specific 
gravity  is  9.822,  but  is  increased  by  hammering.  It  breaks, 
however,  under  the  hammer,  and  hence  cannot  be  considered 
as  n)alleable ;  nor  can  it  be  drawn  out  into  wire.  The  bis- 
muth  of  commerce  is  not  quite  pure.  To  purify  it.  Dr.  Thom- 
son dissolved  it  in  nitric  acid,  decomposed  the  nitrate  by  water, 
edulcorated  the  oxide,  and  reduced  it  to  a  metallic  state  by 
heating  it  in  a  covered  crucible  with  black  flux.  (Ann.  of 
Phil.  N.S.  ii.  122.) 

I.  Bismuth  is  one  of  the  most  fusible  metals,  melting  at 
476°  Fahrenheit ;  and  it  forms,  more  readily  than  most  other 
metals,  distinct  crystals  by  slow  cooling.    M.  Chaudet  has 
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dbvBtbftt  though  corered  with  charcoal,  it  may  be  com* 
j/Utj  voIatilizecU  if  kept  for  a  sufficient  time  at  a  temperature 
tf  iboot  S€P  Wedgewood. 

IL  Oxide. — When  kept  melted  at  a  moderate  heat,  it  be- 
amm  cowered  with  an  oxide  of  a  greeuiah  grey  or  brown 
•bar.  In  a  mcMre  violent  heat  bismuth  ii  volatile,  and  may  be . 
dhfinedin  cUmo  vessela;  but,  with  the  access  of  air,  it  emits  a 
bhe  flame,  and  its  oxide  exhales  in  the  form  of  a  yellowish 
aodtt,  condensible  by  cold  bodies.  This  oxide  is  very  fusi« 
bk;  and  is  conYertible,  by  heat,  into  a  yellow  transparent 
gJM.  It  is  the  only  oxide  of  bismuth  with  which  we  are 
acqnainted  ;  and  consists,  according  to  the  experiments  of 
Ligeriijdm,*  of 

Bismuth 89.863 100 71 

Oxygen 10.137 11.28 8 

100.  79 

From  this  result,  which  makes  the  equivalent  number  of 
himnth  71,  and  that  of  the  oxide  79,  Dr.  Thomson's  estimate^ 
bonded  on  his  own  experiments,  does  not  materially  difier. 

III.  Chloride  ofBismuih. — The  solution  of  bismuth  in  mu^ 
xiatic  acid,  being  deprived  of  water  by  evaporation,  yields  a 
mil  which  is  capable  of  being  sublimed,  and  which  deliquesces 
into  what  has  been  called  buUer  of  bismuth.  A  similar  product 
is  obtained  by  introducing  finely  divided  bismuth  into  chlorine 
gas,  when  the  metal  takes  fire  and  burns  with  a  pale  blue  light* 
This  compound  is  the  only  known  chloride  of  bismuth.  It 
analyzed  by  Dr.  Davy,  and  found  to  contain 

Bismuth 66A   100 

Chlorine  .••••••.•  33.6   ••..••».    50.6 


100. 


From  this  analysis,  the  equivalent  of  bismuth,  also,  appears 
to  be  71,  agreeing  with  the  number  derived  from  the  oxide. 
IV.  Iodide  of  bismuth  may  be  formed  by  heating  that  me- 


*  4  Tliomson's  Annals,  S57.  , 


86  OF  MBTALK.  CHAP.  IX. 

tal  with  iodine.  It  is  of  an  orange  colour  and  insoluble  in 
water.  With  hydriodic  acid,  or  hydriodate  of  potassa,  nitrate 
of  bismuth  affords  a  deep  chocolate  coloured  precipitate. 

V.  Salts  of  Bismuth. — Sulphuric  acid  acts  when  hot  and 
concentrated  on  bismuth,  and  sulphurous  acid  is  disengaged. 
A  part  of  the  bismuth  is  dissolved;  and  the  remainder  is 
changed  into  an  insoluble  oxide.  The  sulphate^  on  the  au- 
thority of  Lagerhjelm,  is  stated  to  consist  of 

Oxide  of  bismuth 66.353  . ... .  100.     • . . .  79 

Sulphuric  acid 33.647  ....    50.71 .  • . .  40 

100.  119 

Besides  the  neutral  sulphate,  Berzelius  describes  a  sub-sul- 
phate consisting  of 

Atoms. 
Oxide  of  bismuth 85.5 100 3 

Sulphuric  acid 14.5 17 1 


100. 

Nitric  acid  dissolves  bismuth  with  great  rapidity.  To 
one  part  and  a  half  of  nitric  acid,  add,  at  distant  intervals, 
one  of  bismuth,  broken  into  small  pieces,  llie  solution  is 
crystalliznble  in  small  four-sided  prisms.  It  is  decomposed 
when  added  to  water ;  and  a  white  substance  is  precipitated, 
which  is  the  pigment  called  magtstery  of  bismuth^  or  pearl- 
white.  This  compound  consists  of  hydrated  oxide  of  bismuth 
with  a  small  proportion  of  nitric  acid ;  and  the  supernatant 
liquid  contains  a  solution  of  bismuth  with  great  excess  of  acid. 
The  precipitate  is  soluble  to  a  considerable  extent  in  pure  am- 
monia, but  not  so  much  so  in  pure  fixed  alkalis.  It  is  liable 
to  be  turned  black  bysulphureted  hydrogen,  and  by  the  vapours 
of  putrefying  substances  in  general.  It  is  employed  in  medi- 
cine as  a  tonic,  under  the  name  of  oxide  ojbisjnuth, 

IVith  tartaric  acidj  bismuth  forms  an  insoluble  salt;  but 
if  this  compound  he  boiled  with  tartrate  of  soda,  or  if  super- 
tartrate  of  soda  be  boiled  with  oxide  of  bismuth,  a  solution  is 
obtained  which  is  perfectly  neutral,  and  holds  much  bismuth 


filSMUTH.  8T 

iDoombinatioii.  This  solution  is  not  precipitated,  cither  by 
Aalk  or  alkaline  carbonates,  but  is  decomposed  by  hydro- 
nl|diiiret  of  ammonia.  When  evaporated,  it  becomes  adhc- 
me  like  gum.  Tartrate  of  bismuth  and  tartrate  of  potassa, 
aiso^  form  a  soluble  and  neutral  triple  salt. 

Bismuth  may  be  made  the  basis  of  a  sympathetic  ink.  The 
arid,  employed  for  this  purpose,  roust  be  one  that  does  not 
act  on  paper,  such  as  the  acetic.  Characters,  written  with  this 
sedation,  become  black  when  exposed  to  sulphureted  hydro- 


VL  Sulphurei. — Bismuth  combines  with  sulphur,  and  forms 
a  bloish  grey  salphuret,  having  a  metallic  lustre,  which  is, 
dso^  found  native.  Lagerhjelm  has  analyzed  it,  and  found  it 
to  consist  of 

Bismuth 81.619 100 71 

Sulphur  •....•  18.381 22.52 16 

100.  87 

VII.  ytlloys^ — Bismuth  is  capable  of  being  alloyed  with 
most  of  the  metals,  and  forms  with  some  of  them  compounds 
rf  remarkable  fusibility.  One  of  these  is  Sir  Isaac  Newton's 
fasible  meiaL  It  consists  of  eight  parts  of  bismuth,  five  of 
lead,  and  three  of  tin.  When  thrown  into  water,  it  melts 
before  the  water  is  heated  to  the  boiling  point.  It  is  from 
this  property  of  forming  fusible  alloys,  that  bismuth  enters 
into  the  composition  of  several  of  the  soft  solders^  which,  in- 
deed, is  its  principal  use  in  the  arts. 

Bismuth  has  the  singular  property  of  depriving  gold  of  its 
ductility;  even  when  combined  with  it  in  very  minute  pro- 
portion. This  effect  is  produced  by  merely  keeping  gold  in 
fusion  near  melted  bismuth.  It  has,  nevertheless,  been  em- 
ployed by  Chaudet  in  cupellation.  (Ann.  de  Chira.  et  Phys. 
▼iii.  113.) 
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SECTION  XXX. 

Copper. 

Copper,  according  to  BerzeliuSi  as  it  is  found  in  com- 
merce, is  always  contaminated  with  a  little  charcoal  and  sul- 
phur, amounting  to  about  one  half  of  a  grain  in  100  grains. 
Lead,  antimony,  and  arsenic,  are  also  occasionally  found  in  it* 
To  fit  it  for  purposes  of  accuracy,  it  may  be  dissolved  in 
strong  muriatic  acid;  and,  after  adding  water,  may  be  pre- 
cipitated from  the  solution  by  a  polished  plate  of  iron.  The 
metal  thus  obtained,  should  be  washed,  first  with  diluted 
muriatic  acid,  and  then  with  water,  and  may  either  be  fused, 
or  kept  in  a  divided  form. 

Copper  is  a  metal  of  a  beautiful  red  colour,  and  admits  of  a 
considerable  degree  of  lustre.  Its  specific  gravity  varies,  with 
the  operations  to  which  it  has  been  subjected.  Lewis  states 
it  at  8.830;  Mr.  Hatchett  found  that  of  the  finest  granulated 
Swedish  copper  to  be  8.895  ;  and  Cronstedt  states  the  specific 
gravity  of  Japan  copper,  at  9,  while  Dr.  Thomson,  from  his 
own  experiments,  makes  it  only  8.431'. 

Copper  has  considerable  malleability,  and  may  be  hammered 
into  very  thin  leaves.  It  is,  also,  very  ductile;  and  may  be 
drawn  into  wire,  which  has  great  tenacity. 

At  27°  Wedgewood,  copper  fuses,  and  by  a  sufficient  in- 
crease and  continuance  of  the  heat,  it  evaporates  in  visible 
fumes. 

I.  Oxides  of  Copper, —  1.  Copper  is  oxidized  by  air.  This 
may  be  shown  by  heating  one  end  of  a  polished  bar  of  copper, 
which  will  exhibit  various  shades  of  colour,  according  to  the 
intensity  of  the  heat. 

A  plate  of  copper,  exposed  for  some  time  to  heat,  becomes 
covcre^l  with  an  oxide,  which  breaks  oft*  in  scales  when  the 
copper  is  hammered.  It  is  composed  of  62  of  the  black 
oxide  and  38  copper.  This  imperfect  oxide,  when  exposed 
on  a  muffle,  is  farther  oxidized,  and  assl^mes  a  deep  red  hue. 

*  47  Piiil.  Mag.  206. 
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Collier  16  also  oxidized  by  long  exposure  to  a  hamid  atmo- 
^fhoBf  and  assumes  a  green  colour ;  but  the  green  compound 
holds  carbonic  acid  in  combination.  The  oxides  of  copper  do 
BoC  return  to  a  metallic  state  by  the  mere  application  of  heat; 
bt  reqnirey  for  their  reduction,  the  admixture  of  inflammable 
m§net. 

S.  Copper  does  not  decompose  water,  which  may  even  be 
truwnitted,  in  vapour,  through  a  red  hot  tube  of  this  metal* 
without  de(x>niposition. 

3.  Copper  is  susceptible  of  only  two  degrees  of  oxidize- 
Bient;  in  its  lower  stage  the  compound  is  red ;  when  oxidated 
to  the  maximum,  it  is  black. 

The  black  or  peroxide  may  be  obtained,  either  by  calcining 
the  scales  of  €x>pper,  which  have  already  been  alluded  to^ 
vder  a  muflie;  or  by  decomposing  nitrate  of  copper  by 
cvbonate  of  potassa,  and  igniting  the  precipitate ;  or  by  the 
anple  if^ition  of  the  nitrate.  It  is  composed,  according  to 
Pron?t,  of 

Copper 80   100 

Oxygen 20    4 25 

100 

Berzelius,  ader  examining  the  composition  of  this  oxide, 
proposes  only  a  very  small  change  in  the  statement  of  Proust, 
vix.  that  100  parts  of  copper  unite  with  25.272  oxygen  to  form 
the  peroxide..  (An.  do  Ch.  et  Phys.  xvii.  26.) 

When  to  a  solution  of  the  nitrate,  or  of  almost  any  other 
salt  of  copper,  a  solution  of  potassa  is  added,  a  blue  precipi- 
tate appears,  which  is  a  combination  of  peroxide  of  copper 
with  water,  or  a  hydrated  peroxide  of  copper.  Collected  on  a 
filler  and  dried  at  a  very  moderate  heat,  it  shrinks  like  alu- 
mina, but  still  retains  its  colour.  At  a  higher  temperature, 
the  water  is  expelled,  and  about  75  parts  of  peroxide  of  cop- 
per are  left  by  every  100.  It  is,  probably,  therefore,  a  com- 
pound of  1  atom  of  peroxide  with  ?»  atoms  of  water. 

To  prepare  the  protoxide  of  copper^  Mr.  Chencvix  recom- 
mends the  following  process.  Mix  together  57-^  parts  of 
peroxide  of  copi)er,  and  50  parts  of  metallic  copper  preci- 
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pitatcd  from  the  sulphate  on  an  iron  plate.  Triturate  in  a 
mortar,  and  put  the  mixture,  with  400  parts  of  muriatic  acid, 
into  a  phial,  which  is  to  be  well  stopped.  The  copper  and  its 
oxide  will  be  dissolved  with  heat.  When  potassa  is  poured 
into  this  solution,  the  oxide  (or  rather  hydrated  protoxide)  of 
copper  is  precipitated  of  an  orange  colour.  This  oxide,  when 
deprived  of  water,  becomes  red;  but  it  attracts  oxygen  so 
strongly,  that  it  can  scarcely  be  dried  without  absorbing  more. 
It  is  composed  of 

Copper 88.89 100. 

Oxygen 11-11   12.5 


100. 

The  equivalent  number  of  copper,  deducible  from  the  com- 
position of  the  protoxide,  is  therefore  64,  for  1 2.5 :  100 ::  8  :  6i ; 
and  the  two  oxides  of  copper  must  be  constituted  as  fol- 
lows: 

Protoxide,  1  atom  of  copper  =  64  +  1  atom   of  oxygen. 
Peroxide,    1  atom  of  copper  =  64  -f  2  atoms  of  oxygen. 

The  first  therefore  will  be  represented  by  72,  and  the  per- 
oxide by  80. 

II.  Chlorides  of  Copper. — By  the  combustion  of  copper  in 
chlorine  gas,  two  compounds  are  produced  at  the  same  time, 
one  of  which  is  a  fixed  easily  fusible  substance,  resembling 
common  rosin,  and  called  by  Boyle,  who  has  described  it, 
rosin  of*  copper.  It  may  be  procured,  also,  by  carefully  eva- 
porating and  fusing  the  protomuriatc ;  and  it  remains  in  the 
retort,  after  distilling  a  mixture  of  two  parts  of  corrosive  sub- 
limate and  one  of  copper  filings.  It  is  insoluble  in  water, 
but  soluble  in  muriatic  acid.  Its  colour  is  generally  dark 
brown,  but  if  exposed  to  the  air  it  becomes  green,  or  if  fused 
and  slowly  cooled,  yellow  and  semi-transparent.  It  consists 
of 

Copper 64 100 

Chlorine 36 56 

100, 


• 


COFFER.  91 


Beti^  constituted  of  an  atom  of  each  of  its  elements,  it  may. 
k  called  the  proiochloride  of'  copper.    In  this  instance,  pre- 
atdj  the  same  equivalent  for  copper  is  dedadble  from  the 
pnlo-cbloride,  as  from  the  protoxide. 

The  perchloride  of  copper  may  be  formed  by  evaporatipg 
the  solution  of  peroxide  in  muriatic  acid,  at  a  heat  below 
¥XP  Fahr.  Its  colour  is  yellow,  but,  when  dissolved  in  water, 
wUch  readily  acts  u{>on  it,  it  affords  a  green  solution,  iden- 
tica]  with  the  permuriate.     It  consists  of 

Copper 60 47 100 

Chlorine  ....  C7 53 112 

127      100 

III.  Salts  €>f  C3o/)per.— Corresponding  with  the  two  chlo- 
rides of  copper,  we  have  also  a  prolomnriate  and  permuriate. 
The  latter  is  obtained  by  dissolving  peroxide  of  copper  in  mu- 
riatic acid.  By  careful  evaporation  and  cooling,  the  permu- 
riate crystallizes  in  rhomboidal  prismatic  parallelopipeds, 
I  which  are  deliquescent  and  readily  soluble  both  in  water  and 
alcohol.      It  is  composed,  according  to  Proust,  of 

Peroxide  of  copper  ...••...  40 

Muriatic  acid    24 

Water 36 

100 

Excluding  water,  Berzclius  states  its  composition  to  be 
59.8  base  +  40.2  acid.  But  these  statements,  besides  being 
at  variance  with  each  other,  are  neither  of  them  consistent 
with  theory,  which  would  require  the  |)ermuriate  to  consist  of 
8  atoms  of  muriatic  acid  =  74,  and  one  atom  of  peroxide  of 
copper  -=  80.  One  hundred  parts,  therefore,  should  consist 
of  48  acid  +  52  base.  The  salt,  in  Fact,  appears  to  be  a  bu 
permuriate. 

Plates  of  copper,  exposed  to  the  vapour  of  muriatic  acid, 

become  covered  with  an  insoluble  coating  of  a  green  powder, 

which  is,  most  probably,  a  true  murlute^  or  compound  of  1 

atom  of  base  +  1  atom  of  acid.  It  dissolves  readily  in  muriatic 

acid,  and  by  the  addition  of  alkalis  yield  peroxide  of  copper, 
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By  digesting  a  solution  of  permuriate  of  copper  with  filings  ^' 
of  that  metal,  it  is  converted  into  a  muriate  of  protoxide  mf  ^* 
protomuriate^  the  fresh  portion  of  copper  being  oxidized  at  thv  '^ 
expence  of  that  which  was  held  in  solution.  This  salt  is  de»  ^ 
composed  by  merely  pouring  it  into  water.  Alkalis  throir  < 
down  an  orange  coloured  precipitate.  It  consists,  aocordii!|^  • 
to  Proust,  of  I 

Copper 65.80  /    forming  \  ^«  ^.^ 

Oxygen 8.08  \  protoxide  J    '^'^^ 

Muriatic  acid     •  • 26.12 

100. 

The  native  green  copper  sand  of  Chili  and  Peru  has  been 
analyzed  by  Dr.  John  Davy,  and  found  to  be  a  copspound  of 

Peroxide  of  copper  •  •  •  • 73 

Muriatic  acid , .  •  16.2 

Water 10.8 

100. 


. 


Neither  of  the  two  Inst  compounds  exactly  agrees  with  the 
law  of  atomic  proportions;  but  the  green  sand  approaches 
nearly  to  a  snbmuriale,  consisting  of  one  atom  muriatic  acid 
+  2  atoms  of  peroxide,  +  3  atoms  of  water. 

Chlorate  of  copper  was  formed  by  Vauquelin,  by  dissolving 
peroxide  of  copper  in  chloric  acid.  It  is  a  bluish  green  salt, 
deliquescent,  and  difficultly  crystallizable. 

Jodate  of  copper  is  an  insoluble  substance.  It  is  precipitated 
from  solutions  of  copper  by  alkaline  iodates. 

Nitrate  of  Copper. — Copper  reodily  dissolves  in  nitric  acid 
diluted  with  two  or  three  parts  of  water,  and  nitrous  gas,  hold- 
ing a  little  copper  in  solution,  is  evolved  in  great  abundance. 
The  solution  at  first  is  green  and  muddy,  but  by  degrees  it  be« 
comes  transparent  and  blue,  and  gives  prismatic  crystals  of  a 
fmc  blue  colour,  consisting,  exclusive  of  water,  of 

Peroxide 42.61 

Nitric  acid   57.39 

100 


• 
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r  if  partly  but  not  entirely  decomposed  by 
;  for,  after  their  full  effect,  Berzeliut  found 
Ait  a  precipitate  is  still  occasioned  by  adding  water  impreg- 
■Bled  with  sulphoreted  hydrogen. 

A  ndhniiruie  of  copper  is  also  described  by  Berzelius  (8S 
Am.  de  Ch.  250.)  It  may  be  obtained,  either  by  adding  a 
■■all  portion  of  potassa  or  ammonia  to  the  solution  of  the  ni- 
trate, or  by  heating  the  dry  salt  gently*     It  consists  of 

Peroxide  of  copper « . .  66 

Nitric  acid    18.9 

Water   , 15.1 


100. 


These  proportions  are  not  very  remote  from  1  atom  of 
add,  +  4  atoms  of  peroxide,  +  8  of  water. 

Ammoniurel  of  Copper.*- If  ammonia  be  added  in  excess  to 
nitrate  of  copper,  the  precipitate,  which  is  first  formed,  is  re- 
disiolved.  On  this  property  depends  the  method  of  separating 
oxide  of  copjHjr  from  other  metallic  oxides,  those  of  iron  for 
instance,  which  are  not  soluble  by  ammonia. 

Peroxide  of  copper,  digested  in  ammonia,  forms  a  bright 
Une  liquid,  from  which,  by  careful  evaporation,  fine  bine  crys- 
tals may  be  obtained,  called  nmmoniuret  of  copper.  Protox- 
ide of  copper  also  dissolves  in  ammonia,  and  yields  a  colour** 
less  solution,  which  becomes  blue  by  exposure  to  the  air,  in 
consequence  of  the  absorption  of  oxygen. 

Sulpltaies. — Copper  combines  with  strong  sulphuric  acid,  at 
a  boiling  heat,  and  affords  a  blue  salt,  called  sulphate  of  copper. 
In  this  process,  part  of  the  sulphuric  ncid  is  decomposed,  and 
famishes  oxygen  to  the  metal  which  is  dissolved.     It  is,  thcre- 
ibre,  better,  in  preparing  sulphate  of  copper,  to  use  the  oxide 
obtained  by  calcining  copper  scales  with  free  access  of  air. 
(a)  Sulphate  of  copper  is  a  regularly  crystallized  salt,  soluble 
in  four  parts  of  water  at  60°.     (i)  The  solution  is  decomposed 
by  pure  and  carbonated  alkalis.     The  former,  however,  re- 
dissolve  the  precipitate.     Thus,  on  adding  pure  liquid  am- 
monia to  a  solution  of  sulphate  of  copper,  a  precipitate  ap- 
pears, which,  on  a  farther  addition  of  the  alkali,  is  re-dissolved, 
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and  affords  a  beautiful  bright  blue  solution,  {c)  The  sulpliate 
of  copper  is  decomposed  by  iron.  In  a  solution  of  this  salt 
immerse  a  polished  plate  of  iron.  The  iron  will  soon  acquire 
a  covering  of  metallic  copper,  (d)  It  gives  up  its  acid  on  the 
application  of  heat,  without  decomposition ;  and  an  oxide  of 
copper  remains  in  the  retort,  (e)  It  is  composed,  according 
to  Proust,  with  whose  analysis  a  recent  one  by  Dr.  Thomson 
exactly  agrees,  of 

Copper  25.6  f    forming    "k 

Oxygen  6.*  Iblnck  oxide/  ^^  ' '  <""    '  "^^^    =  ^^ 

Sulphuric  acid 32  . .  or    2  atoms  =  80 

Water 36  . .  or  10  atoms  =  90 

100  250 

Exclusive  of  water  of  crystallization,  Berzelius,*  from  his 
own  analysis,  states  its  composition  at 

Peroxide  of  copper  .  50.90  . .  103.66  . .  1  atom   80 
Sulphuric  acid  ....  4'9.10  ..  100.       • .  2  atoms  80 

100.  160 

Strictly  speaking,  therefore,  this  salt  is  a  bi-sulphale,  a  name 
which  sufficiently  designates  it,  and  is  preferable  to  that  of  hi- 
persulphate. 

Proust  described  a  subsulphaie  of  copper,  formed  by  adding 
solution  of  potassa  to  a  solution  of  the  above  sulphate.  Ber- 
zelius prepared  it  by  the  cautious  addition  of  ammonia,  and 
found  it,  on  analysis,  to  be  composed  of 

Peroxide  of  copper ....  80  ....  100  ..  2  atoms 
Sulphuric  acid 20  ... .    25  •  •  1  atom. 

100 

Including  its  water  of  comix)sition,  the  subsulphate  con- 
sists of 

Sulphuric  acid 21.28 

Peroxide  of  copper 64.22 

Water 14.50 


100. 


•  T7  Ann.  de  C:  im* 
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Jk.  Thomson  has  described,  also,  a  quadrUsulpkale  con* 
fltiBg  of  1  atom  of  base,  +  4  atoms  of  acid.  (Ann.  of  Phil. 
JLSL  i.  244.) 

No  sulphate  of  the  protoxide  is  yet  known ;  for  when  sul- 
pkoric  acid  is  brought  into  contact  with  the  protoxide,  one 
Uf  of  the  oxide  p^ives  up  its  oxygen  to  the  other  half,  which 
dns  beoonies  peroxide,  and  unites  with  the  sulphuric  acid. 

Sfdph'Ue  of  copper  may  be  obtained  by  transmitting  a  cur* 
rent  of  sulphurous  acid  gas  (which  has  been  first  passed 
throogh  a  small  quantity  of  water,  in  order  to  deprive  it  of 
salpburic  acid)  into  a  vessel  containing  water  and  peroxide  of 
copper.  A  green  liquid  is  formed,  which  contains  sulphite 
of  copper,  with  a  large  excess  of  acid ;  and  sulphite  of  copper, 
ia  very  small  red  crystals,  remains  at  the  bottom  of  the  vessel. 
Thb  salt  has  been  investigated  by  Chevreul,*  and  found  to 
consist  of 

Protoxide  of  copper 63.84 

Sulphurous  acid S6.16 

100. 

Copper  exposed  to  a  damp  air  rusts,  and  becomes  covered 
inlYi  carbonate  of  copper.  The  same  compound  is  still  more 
readily  produced  by  adding  carbonated  alkalis  to  the  solu- 
tions of  copper.  The  nitrate  of  copper,  precipitated  by  car* 
bonate  of  lime,  affords  a  blue  precipitate,  called  Perdiler.  This 
substance  is  nearly  allied  to  the  native  blue  carbonate  in  the 
nature  and  proportion  of  its  ingredients.     Verditer  consists  of 

Water 5.9 

Carbonic  acid ' 24.1 

Peroxide  of  copper 67.6 

Moisture  and  impurities 2.4 

lOO.t 

Berzelius  observes  that  sub- carbonate  of  copper  differs 
greatly  in  appearance,  when  precipitated  from  a  cold  and  from 
a  hot  solution.     In  the  latter  case,  its  colour  is  yellowish 


•  88  Ann.  de  Chim.  181.  t  Qaarterly  Journal,  iv.  279. 
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green ;  in  the  formeri  it  is  bluish  green^  and  much  more 
bulky.    It  is  composed  of 

Peroxide  of  copper  •  •  71.7    .  • .  •  1  atom  .  •  80 

Carbonic  acid 19.7    ....  1  atom  .  •  22 

Water 8.6    ....  1  atom  . .     9 

100.  Ill 

From  the  analysis  of  Mr.  R.  Phillips,  this  appears,  also,  to 
be  very  nearly  the  composition  of  the  native  green  carbonate 
of  copper  (malachite)  which  he  found  to  consist  of  72.2  per- 
oxide, 18.5  acid,  and  9.3  water. 

Phosphoric  acid  unites  with  peroxide  of  copper  in  two  pro- 
portions. If  solutions  of  phosphate  of  soda  and  sulphate  of 
copper  be  mingled  together,  a  bluish  green  precipitate  is 
formed,  consisting  of 

1  atom  of  peroxide  of  copper ....  80    ...•••  .55.35 

2  atoms  of  phosphoric  acid 56    38.40 

1  atom  of  water 9    6.25 

145  lOQ. 

It  is  therefore  a  hi-phosphate.  The  phosphate  has  not  yet  been 
formed  artificially,^  but  it  has  been  found  native  in  a  white 
quartz  rock.*  It  is  of  an  emerald  green  colour,  and  is  not 
crystallized.  Its  analysis  afforded  results  very  nearly  agreeing 
with 

1  atom  of  peroxide  of  copper ....  80    ......  63.59 

1  atom  of  phosphoric  acid  ......  28    ......  22.03 

2  atoms  of  water 18    14.38 

126  100. 

When  corroded  by  long  continued  exposure  to  the  fumes  of 
acetic  acidj  copper  is  converted  into  verdegris. — The  verdegris 
of  commerce  is  composed  partly  of  a  salt,  soluble  in  water,  and 
partly  of  a  light  green  powder,  which  is  not  soluble  in  water. 
By  the  solution  of  verdegris  in  distilled  vinegar  and  evaporo^ 


«■ 


•  Add.  of  Phil.  N.S.  iii.  18S. 
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ft  salt  u  obtained  in  regular  crystala.     These  crystals 
kne  been  analyzed  by  Mr.  Richard  Phillips,  and  shown  to 
of 

2  atoms  of  acetic  acid  •  •  50  x  2  =  100 
1  atom  of  peroxide  of  copper. » • .  =  80 
S  atoms  of  water  • 9x3=    27 

207 


or,  of 


Add 50.11   100. 

Base 37.77   75.87 

T^ater   12.12 


100. 

A  prevkms  analysis  by  Dr.  Ure  had  already  given  the  same 
loalts,  except  in  assigning  two  atoms  only  of  water,  and 
sififlferent  equivalent  for  acetic  acid.  Both  Concur  in  showing 
that  the  salt  is  strictly  a  binacetate^  and  by  that  name  it  is 
froper  to  designate  it.    (Ann.  of  Phil.  N.S.  i.  418,  ii.  21). 

Bimacelate  of  copper  forms  large  and  beautiful  crystals.  It 
is  soluble  in  20  parts  of  water  at  GO^,  or  in  five  parts  at  212^. 
When  distilled  per  se,  it  yields  concentrated  acetic  acid,  which 
macj  be  purified  by  a  second  distillation  ;  and  in  the  retort  a 
compoond  is  left  of  charcoal  and  oxide  of  copper,  which  some- 
tiaies  lundles  spontaneously  like  pyrophorus.  When  this  sub- 
itiace  is  calcined  with  free  access  of  air,  it  becomes  peroxide. 

FerdegriSf  firom  the  recent  experiments  of  Mr.  Phillips,* 
appears  to  consist  essentially  of  very  minute  blue  crystals 
vbich  are  composed  of 

Acetic  acid  •  •  •  •  28.80   •  •  •  •  1  atom    •  • .  •  50 

Peroxide 43.25    ....  1  atom    • .  •  •  80 

Water  ••...••.  28.45   ....  6  atoms  ....  54 


100.  184 

In  yerdegrisy  whai  dried  for  sale,  the  same  relative  propor- 
tion of  acid  and  base  exist,  but  the  water  is  reduced   to  25 

♦  Ann.  ofPhil.N.S.iv.l61. 
▼OL.  II.  H 
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parts,  or  a  little  more,  in  100 ;  and  there  is  a  quantity  of  inso- 
luble impurity  varying^from  0.5  to  2  per  cent. 

The  blue  crystals,  fpund  in  verdegris,  are,  therefore,  a  tme 
acetate  of  coppery  consisting  of  an  atom  of  add  +  1  atom  of 
peroxide.  When  acted  upon  by  watery  they  are  decomposed ; 
a  green  insoluble  powder  is  obtained,  which  is  a  real  subace- 
tate,'  constituted  of  1  atom  of  acid  +  2  of  peroxide.  The 
blue  solution  contains  a  binacetate.  Three  distinct  com- 
pounds, therefore^  exist  of  acetic  acid  and  peroxide  of  coppeiv 
the  subacetate^  acetate^  and  binacetate. 

The  subacetate  constituted  of  1  atom  acid  +  2  base^ 

acetate 1  atom  acid  +  1  base^ 

binacetate    2  atoms  acid  +  1  base. 

When  the  muriate  of  copper  ia  mixed  widi  a  sokitioii  of 
ferro-cyanate  of  potassa  or  of  lime,  a  beautiful  reddish  browA 
precipitate  o(  ferro-cyanate  of  copper  is  obtained,  whidi  has 
been  recommended  by  Mr.  tbtchettas  a  pigment  Tincture 
of  galls  throws  down,  from  all  the  solutions  of  copper,  a  didl 
yellow  predpitate* 

IV.  Sulpkuret.  —  Copper  combines  with  sulphur  in  two 
pn4M>rtions.  When  a  mixture  of  three  parts  of  the  metal,  ki 
the  state  of  fine  filings,  with  one  part  of  sulphur^  is  melted  in  a 
glass  tube^  at  the  mom^t  of  combination,  a  brilliant  infitoi- 
mation  ensues,  exceeding  in  br^htnesa  that  produced  by  die 
fusion  of  iron  and  sulphur. 

Capper  leaf,  Beivdius  observes^'*^  bums  in  gaseous  sulphur, 
aft  brilliantly  as  irfii  wire  in  oxygen  gas.  A  compound  is 
formed,  precisely  analogous  to  the  native  black  sulphuret'of 
copper,  or  copper-glance.  It  is  a  proto-sulphuretg  and  consists 
of 

Copper   ....  80   ....  100,  or  1  atom  =  6^ 
Sulphur  •  •  •  •  20   •  • . .    25,  or  1  atom  =  16 

100  125  80 


•  79  Ann.  de  Chim.  250.  See  also  Vauquelin  on  the  Artificial  Sulphuret 
of  Copper,  lixx.  265.  Berzeliin  states  that  100  metal  comblue  with  S5'.6 
sulphur. 


wmdk  forms  the  principal  ingredient 
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pkwrei  or  bk-sulphureif 


Copper  •  •  •  •  66S6  •  •  •  •  100,  or  1  atom    =  6i 
Salphar  •  .  •  83.di  •  •  •  •    50,  or  2  atoms  =  32 

100.  96 

T.  Co|ipcr  unites,  by  (iiaioQ,  with  phosphorus.  The  phog- 
fhoret  is  whiter  hrittle,  and  of  the  spedfic  gravity  7.1 2f  •  The 
aaiyssaf  Pdletier  gives  20  of  phosphorus  to  100  metal,  which 
mrij  agrees  with  1  atom  of  phosphorus,  +  1  atom  of  cop- 

VL  AUai/Sm — Copper  combines  readily  with  most  of  the 
w0ti^  and  afiRnrds  several  compounds,  which  are  of  great  use 
k  die  common  arts  of  life.  Chmese  tutenagj  is  a  white  alloy 
'y  xinc^  iron,  and  nickel,  obtained  probably  from  a 
ore  of  those  metals.  (Edinb.  Phil.  Journ.  vii.  70.) 
',  with  aboat  a  fourth  its  weight  of  lead,  forms  poi-metal; 
about  the  same  proportion  of  zinc,  or  a  little  more,  it 
brassj  the  most  useful  of  all  its  alloys.  Mixtures  of 
and  copper  form,  also,  the  various  compounds  of  Tom^^c, 
diOdk  Goldp  StmiloTf  Prince  BuperCs  Metal,  Pinchbeck,  &c. 
Cop|Kr  with  tinj  and  sometimes  a  little  zinc^  forms  bronze  and 
Ml  If  f fr^  €/t  gun^meioL  And  when  the  tin  is  nearly  one- 
dnrd  of  the  alloy,  it  is  beautifully  white  and  takes  a  high  po- 
IiL  It  is  then  called  speculum-metal.  (Nicholson's  Jounu 
4ta  iiL  490.)  Copper  may,  also^  be  alloyed  with  iron ;  but 
Ae  compound  has  no  useful  properties.* 

Rejecting  the  alloys  of  copper,  much  valuable  information 
WKj  be  found  in  the  4th  volume  of  Bishop  Watson's  Chemical 
Eisays,  and  in  Aikin's  Dictionary  of  Chemistry,  articles 
Bran,  &C.  From  a  recent  investigation  of  them,  the  results 
ofwUdi  are  not  yet  published,  Mr.  Dalton  finds  that  into  all 
the  alloys  of  copper  which  are  characterized  by  useful  pro- 
poties,  the  ingredients  enter  in  atomic  proportions ;  and  it  is 


*  49  Philos.  Magpisiney  107. 
u  2 
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probaUe  that  by  attention  to  these  proportions,  the  manufao- 
fure  of  the  artificial  alloys  may  be  greatly  improved. 

Most  of  the  copper  of  commerce  is  obtained  firom  copper 
pyrites,  or  yellow  copper  ore,  which  is  a  compound  of  salpbur, 
iron,  and  copper,  in  such  proportions,  as  render  it  probable 
that  it  is  composed  of  two  atoms  of  proto-sulpharet  of  iron, 
and  one  atom  of  per-sulphuret  of  copper  with  a  little  arsenic 
and  earthy  matter.''^  The  sulphur  and  arsenic  are  separated 
by  roasting;  and  the  copper  is  obtained  by  repeated  fusions^ 
in  some  of  which  an  addition  of  charcoal  is  made. 


SECTION  XXXI. 

Tellurium* 

L  T£LLURitTir  was  discovered  by  Klaproth^f  in  an  ore  of 
gold.  His  process  for  extracting  it  consists  in  the  solution 
of  the  ore  by  nitro-muriatic  acid,  dilution  with  water,  and  the 
addition  of  pure  potassa,  which  throws  down  all  the  metals 
that  are  present ;  and,  when  added  in  excess,  re-diasolves  a 
white  precipitate,  which  it  at  first  occasions.  To  the  alkaline 
solution,  muriatic  acid  is  then  added ;  a  precipitate  again  ap- 
pears ;  and  this,  when  dried,  and  heated  with  one  twelfth  its 
weight  of  charcoal,  or  with  a  small  quantity  of  oil,  in  a  glass 
retort,  yields  tellurium,  in  the  form  of  small  brilliant  metallic 
drc^)s,  lining  the  upper  part  of  the  body  of  the  retort^One 
hundred  parts  of  the  ore  yield  above  90  of  tellurium. 

II.  1.  The  colour  of  this  metal  is  tin-white^  verging  to  lead- 
grey  ;  it  has  considerable  lustre,  and  a  foliated  or  sody  frac- 
ture. It  is  very  brittle;  is  fusible  at  a  temperature  below 
ignition ;  and,  excepting  osmium  and  quicksilver,  is  the 
most  volatile  of  all  metals.  It  is  the  lightest  of  the  metab, 
the  bases  of  the  alkalis  and  earths  excepted,  having  the  spe^ 
cific  gravity  of  only  6.185. 

2. Jt  is  oxidized  when   heated   in  contact  with  air;   and 
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fridi  a  sky-blue  flame^  edged  with  green.    Upon  char- 
ade before  tbe  blow-pipe^   it  inflames  with  a  violence  r»- 
detcmadon;  exhibits  a  vivid  flame;  and  entirely  flies 
grey  smoke,  having  a  pecoliarly  nauseous  smell.  This 
wben  condensed)  and  examined  in  quantity,  is  found 
H  he  white  with  a  tint  of  yellow.     It  is  fusible  by  a  strong 
and  incdadle  at  a  still  higher  temperature.     It  aot  only 
as  a  base  with  adds,  but  also  itself  possesses  the  cha- 
of  an  acid,  and  forms  a  class  of  salts,  which  may  be 
oDed  ieUuraieg*     It  is  composed,  according  to  Klaproth,  of 

Tdlurium 83  • . .  •  • .  100. 

Oxygen 17 20.5 

100 

Bcndiosy    however,  determines  the  quantity  of  oxygen, 
Amxbed  by  1 00  of  tellurium,  when  changed  into  oxide,  to 
he  S7.8S.     If  this  result  be  correct,  and  the  compound  be  the 
protoxide,  the  atom  of  tellurium  should  weigh  29 ;  but  the 
Jitiiminniion  of  Klaproth  would  make  it  39.     Results  so  dis- 
cixdaait  show  the  necessity  of  farther  investigation. 
'        S.  Tdloriam  is  soluble  in  nitric  and  nitro-muriatic  acids. 
The  saturated  solution  is  decomposed  by  the  mere  addition  of 
,  which  throws  down  a  white  powder ;  but  this  is  again 
on  adding  more  water.     Chlorine  unites  with  tellu- 
and  forms  a  white  semi-transparent  compound,  which 
is  decomposed  when  added  to  water.     It  consists,  according 
10  Sr  H.  Davy,  of  100  tellurium  united  with  90.5  chlorine. 
From  its  solutions  it  is  precipitated  in  a  metallic  form,  by 
inoy  snc,  tin,  and  even  by  muriate  of  tin.     Carbonated  and 
poie  alkalis  precipitate  the  telluric  oxide  united  with  water, 
in  ibe  form  of  a  white  hydrate ;  and  the  oxide  is  re-dissolved 
by  an  excess  of  alkali  or  carbonate.  Alkaline  sulphurets  throw 
dbwn  a  dark  brown  or  blackish  precipitate.    Tincture  of  galls 
pfodooes  a  fiocculent  yellow  precipitate.  The  solutions  of  this 
metal  in  adds  are  not  decomposed  by  prussiate  of  potassa  ;  a 
property  which  tellurium  possesses  in  common  with  gold,  pla- 
tinum, iridium,  osmium,  rhodium,  and  antimony. 
Tellurium  forms  two  distinct  compounds  with  hydrogen,  the 
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one  of  which  is  solid  and  the  other  gaseous,  let.  By  ^^•fc'ing 
4;e]lurium  the  negative  sorfiice  in  water,  in  the  Gralvmit  oircoiti 
a  brown  powder  is  formed,  which  is  a  solid  hydrurei  af  telb^ 
rmm.  S^dly  •  By  acting  with  dilute  sulphuric  acid,  upon  the  alloy 
of  tellurium  and  potasiium  (which  may  be  obtained  by  heatiag 
a  mixture  of  fioUd  hydrate  of  potassa,  tellurium,  and  charcoal)^ 
we  obtain  a  peculiar  gas.  This  gas  has  a  smell  xeBemUmg 
thatof  sulphureted  hydrogen.  It  is  absorbed  by  watei^  and 
a  claret«coloured  solution  results,  which,  by  exposure  to  the 
air,  becomes  brown,  and  deposits  tellurium.  AAer  beitig 
washed  with  a  small  quantity  of  water,  it  does  not  afiect  vege- 
table blue  colours*  It  bums  with  a  bluish  flame,  depositing 
oxide  of  tellarium.  It  unites  with  alkalis;  precipitates  most 
metallic  solutions;  and  is  instantly  decomposed  by  chlorine 
gas.  It  may  be  called  tellureted  hydrogen  gas.  According  to 
Berzelius,  it  is  constituted  of  100  parts  of  tellurium  with  a 
little  less  than  two  parts  of  hydrogen. 


SECTION  xxxn. 

Lead. 

To  obtain  lead  in  a  state  of  purity,  Berzelius  dissolved  it  ia 
nitric  acid,  and  crystallized  the  salt  several  times,  till  the 
mother  liquor,  on  adding  carbonate  of  ammonia,  gave  no  traees 
of  copper.  The  pure  nitrate  of  lead,  mixed  with  diarooal, 
was  strongly  heated  in  a  Hessian  crucible ;  and  the  lead,  whidi 
separated,  was  kept  some  time  in  a  state  of  fusion,  in  order 
to  free  it  entirely  from  diarcoal.  The  lead,  thus  obtained^ 
when  redissolved  in  nitric  acid,  gave  no  trace  of  any  other 
metal. 

Lead  has  a  bluish  white  colour;  and,  when  recently  cot  or 
melted,  exhibits  considerable  lustre,  which  soon,  however, 
|;arnishes.  Its  specific  gravity  is  11. S52.  Its  malleability  is 
sufficient  to  allow  of  its  being  beaten  into  very  thin  leaves ;  and 
it  may  be  drawn  ipto  wire,  which  has  less  tenacity,  however, 
|.hat  that  of  most  other  metals. 

The  inciting  point  of  lead,  acqording  to  Morveau,  is  590^ 

6 
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MraHhait;  bat  aecording  to  Mr.  CricbUm  of  Glasgow  it  it 
MP.  Eaqposed  to  s  red  heat,  with  free  accesi  of  air,  it  imoket 
■d  lobliinea^  and  gives  a  grey  oxide,  which  ooUecti  on  tor- 
■wmling  cold  bodies.    It  U  slowly  <aidiaed,  also,  by  exposure 

•t  coniBion  temperatures ;  and  more  rapidly, 
alternately  to  the  action  of  air  and  water. 
1.  Oxides  of  Leadd — ^Lead  appears  to  be  susceptible  of  form- 
l^g  dnee  diaCiiict  oxides.  1.  The  yellow  proto:jdde  may  he  tJb-^ 
aaaed  faj  decomposing  nitrate  of  lead  inth  carbonate  of  soda, 
sad  jgniling  tbe  predpitate^  or  by  heatbg  the  nitrate  to  red- 
ness in  a  dose  vessel.  This  oxide  is  tasteless,  insoluble  in 
r,  but  soluble  in  potassa  and  in  acids.  When  heated,  it 
a  ydiow  semi-transparent  glass,  called  litharge^  which 
h^  Id  a  couridcrahie  degrree^  volatile  at  a  red  heat.  Another 
tank  of  the  yellow  oxide  is  that  which  is  known  in  commerce 
hf  die  name  d[  massicot. 

Tbe  yellow  or  proioxHe  of  lead  has  been  investigated  by 
Pniost,  Thomson,  and  Berzelius;*  and  its  composition,  as 
determined  by  the  last-mentioned  chemist,  is 

Lead 92.85 100 104 

Oxygen  ...     7.15 7.725 8 

100.  112 

8.  The  second,  or  deutoxide  of  lead,  may  be  obtained  by 
^fttalng  the  protoxide  of  lead,  or  the  metal  itself,  to  heat, 
with  a  large  surface  and  a  free  access  of  air,  for  some  time,  tiU, 
at  if«gthj  it  is  converted  into  a  red  oxide,  known  in  commerce 
hj  the  names  of  mifiium  or  red  lead.  This,  however^  is  an  im«- 
sobstance^'containing  sulphate  of  lead,  muriate  of  lead  with 
of  base,  oxide  of  copper,  silex,  and  a  portion  of  the 
ydlow  oxide.  The  protoxide,  Berzelius  found,  may  be  removed 
by  acetic  acid,  which  does  not  act  on  the  red  oxide.  Making 
sUowance  for  the  other  impurities,  he  determined  the  com- 


*  The  oumbere  lately  asiigoed  by  Berzelius  (Ann.  of  Phil.  xv.  94)  diiTer 
so  little  firooi  those  vrhich  follow,  that  I  have  thought  it  unnecessary  to 
change  them.    Tbe  protoxide  he  now  makes  -*  100  lecid  +  7.785  oxygen. 
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position  of  red  oxide  of  lead,  which  may  be  considered  as  the 
dentoxide,  to  be 

Lead 90 100 104 

Oxygen. •••  10 11.08 12 

100  116 

When  minium  is  digested  with  nitric  acid,  one  part  of 
it  is  reduced  to  the  state  of  yellow  oxide,  and  is  dissolved  by 
the  acid ;  and  the  remainder  is  a  brown  oxide,  contaminated 
(if  impure  minium  has  been  used)  with  the  substances  which 
have  been  mentioned.  This  oxide  may  be  procured,  also,  by 
passing  a  current  of  chlorine  gas  through  water,  in  which 
the  red  oxide  is  kept  suspend^,  and  by  precipitating  with 
caustic  potassa,  and  drying  the  oxide.  It  is  of  a  flea  or  puce 
colour;  very  fine  and  light  in  its  texture;  and  insoluble  in 
nitric  acid.  When  strongly  heated,  it  gives  out  3  or  4  per 
cent  of  oxygen  gas,  and  is  converted  into  yellow  oxide.  It 
consists,  according  to  Berzelius,  of 

Lead 86.51  ....  100     ....  104 

Oxygen 13.49  ., ..     15.6  ....     16 

100.  115.6  120 

On  comparing  the  quantities  of  oxygen  united  with  100 
parts  of  lead,  in  these  three  oxides,  we  shall  find  that  the 
numbers  7.7,  11.08,  and  15.6,  are  very  nearly  in  the  propor- 
tion of  1,  H,  and  2.  If,  therefore,  we  multiply  these  last 
numbers  by  2,  we  shall  have  the  oxygen,  in  the  three  oxides 
of  lead,  represented  by  2,  3,  and  4.  This  view  of  the  subject 
renders  it  probable,  that  there  may  exist  an  oxide  of  lead,  with 
less  oxygen  than  any  at  present  known  ;  but  the  notion  is  not 
countenanced  by  the  composition  of  the  sulphuret. 

The  yellow  oxide  of  lead,  when  precipitated  by  pure  al- 
kalis from  its  compounds,  forms  a  white  hydrate^  the  compo- 
sition of  which  is  not  exactly  known. 

The  oxides  of  lead  are  easily  vitrified,  and  have  the  pro- 
perty of  uniting  with  all  the  metals  except  gold  and  silver. 
Hence  gold  or  silver  may  be  purified  by  melting  them  with 
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iedL  Hie  lead  becomes  first  oxidized  and  then  vitrified,  and 
flnkt  into  the  cupel,  carrying  along  with  it  all  the  baser  roe- 
bbf  and  leaving  the  gold  or  silver  on  the  surface  of  the  cupel. 
Hie  qoantity  of  lead  required  for  silver  of  various  degrees  of 
iaeDess  may  be  learned  from  a  memoir  of  D'Arcet,  in  the 
int  volume  of  Annates  de  Chim.  et  de  Physique* 

The  oxides  of  lead  give  up  their  oxygen  on  the  application 
«f  beat.  When  distilled  in  an  earthen  retort,  they  aflbrd 
onjgengas;  and  still  more  readily  when  distilled  with  con- 
cwtrated  solphoric  acid.  They  are  also  reduced,  by  being 
ijpiited  with  combustible  matter.  Thus,  when  a  mixture  of 
nd  oxide  of  lead  and  charcoal  is  ignited  in  a  crucible,  a  button 
of  metallic  lead  will  be  found  at  the  bottom  of  the  vessel. 
Mere  tritnration  of  the  peroxide  in  a  mortar  with  a  little  sul- 
phorp  and  the  subsequent  addition  of  a  small  bit  of  phosphorus, 
occaiions  a  violent  explosion.* 

Pore  water  has  no  action  on  lead;  but  it  takes  up  a 
anall  proportion  of  the  oxide  of  that  metal.  When  left  in 
contact  with  water,  with  the  access  of  atmospherical  air,  lead 
Mxm  becomes  oxidized  and  dissolved,  especially  if  agitation 
be  used.  Hence  the  danger  of  leaden  pipes  and  vessels  for 
containing  water,  which  is  intended  to  be  drunk.  Water  ap- 
pears also  to  act  more  readily  on  lead,  when  impregnated  with 
the  neutral  salts  that  are  occasionally  present  in  spring  water.f 

IL  Chloride  of  Lead. — When  SO  grains  of  lead,  reduced  to 
fine  filings,  are  thrown  into  60  cubic  inches  of  chlorine  gas 
moderately  warmed,  the  metal  burns  with  a  clear  white  flame 
accompanied  with  sparks.    The  combination  of  lead  and  chlo- 
rine may,  however,  be  more  easily  cfFected,  by  precipitating 
the  nitrate  or  any  soluble  salt  of  lead  with  a  solution  of 
common  salt,  and  washing  the  precipitate  with  a  sufficient 
qoanti^  of  water.     It  has  a  sweet  taste,  and  is  soluble  in  22 
parts  of  water  at  60**,  and  also  in  diluted  nitric  acid.     When 
dry,  it  is  fiisible,  at  a  heat  below  redness,  into  a  semi-transpa- 
rent substance  of  the  consistence  of  horn,  from  whence  it  has 


*  Thomson's  Annals,  ix.  31. 

t  On  the  presence  of  lead  in  water,  consult  Dr.  Lambe's  "  Researches 
mpeciing  Spring  Water,"  (8vo.  London.  Johnson)  and  also  Cu)toii, 
seNich.Joum.  109. 
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been  called  horn  lead  ox  plumlmm  comeum.  Bj  an  intoiae 
heat  it  is  volatilized.  It  has  been  analyzed  by  Berzeliiis,  wbo 
states  it  to  consist  of  100  muriatic  acid  +  409X6  protoxida 
of  lead,  equivalent  to  380.06  metallic  lead  +  1S9  chkuriiw* 
Dr.  John  Davy  found  it  to  be  composed  of 

Chlorine 25.78 34.75  •  •  *  •     36 

i ^eacL  •••*.••••  i'9»A^ «•••••  Auu*     •  •  •  •  JiUv 


100.  140 

It  is  the  only  compound  of  lead  and  chlorine  that  is  known^ 
and  it  is  constituted  of  1  atom  of  each  of  its  elements. 

When  two  parts  of  the  red  oxide  of  lead  are  made  into 
a  paste  whh  one  of  muriate  of  soda,  and  water  added  occa- 
sionally as  the  mixture  hardens,  soda  is  disengaged,  and  « 
sttb^loride  of  lead  is  formed  mixed  with  oxide  of  lead.  Thi% 
oa  fusion,  aflbrds  the  fine  yellow  pigment  called  mineral  or 
patent  yellow.  The  disengaged  soda  attracts  carbonic  acid 
from  the  atmosphere,  but  not  enough  to  convert  it  into  a 
carbonate.  In  the  large  way,  it  is  found  necessary  to  supply 
carbonic  acid  to  the  soda  thus  formed,  by  burning  it  with  saw* 
dust.  1^  this  process,  a  large  quantity  of  sod^  was  extracted 
from  common  salt,  till  dieaper  methods  were  discovered. 

III.  Iodide  of  lead  may  be  prepared  either  by  the  direct 
combination  of  iodine  with  lead,  or  by  precipitating  nitrate  of 
lead  with  hydriodic  acid,  and  heating  the  precipitate.     It  is 
coiKtitttted  of  1   atom  of  iodine  =  126  +  1  atom  of  lead  = 
IM,  together  230i. 

lodate  of  lead  ]&  thrown  down  in  an  insoluble  state  when 
iodate  of  potassa  is  added  to  nitrate  of  lead. 

III.  Salts  of  Lead. 

Sulphuric  acid  has  no  action  on  lead,  except  when  con- 
centrated and  at  a  boiling  temperature.  It  is  then  decom- 
posed, and  sulphurous  acid  is  formed.  The  insolubili^ 
of  lead  in  sulphuric  acid  occasions  its  being  employed  as 
the  material  for  constructing  the  chambers  in  whidi  that 
acid  is  prepared,  and  even  for  boiling  down  the  weak  acid. 
Sulphate  of  lead,  however,  may  be  formed,  either  by  adding 
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sulphoric  acid,  or  tftOl  better,  sulphate  of  soda,  to  any  of  the 
Mdts  of  lead.  Its  insolubility  both  in  water  and  in  nitric  acid 
renders  its  formation  of  use  as  a  step  in  mineral  analyses,  and 
hence  it  is  necessary  to  know  its  exact  composition,  which  is 
stated  :by  Berzelias  as  follows  :— 

Sulphuric  acid  • .  26.34  •  • . .  100  •  •  •  •  1  atom  =    40 
Yellow  oxide  . .  •  73.66 ....  279.. . « .  I  do.    =  112 


100.  379  152 

If  the  whole  oxygen  in  the  sulphate  of  lead  be  supposed  to 
be  divided  into  four  parts,  one  of  these,  it  is  remarked^  by 
BerzeUus,  is  combined  with  the  lead,  and  three  with  the  sul- 
phur. In  die  sulphite,  one  third  of  the  oxygen  is  united  with 
the  lead,  and  two  thirds  with  the  sulphur. 

Sulphite  of  lead  may  be  formed  by  the  direct  action  of  sul- 
phurous acid  on  the  protoxide,  or  by  mingling  solutions  of 
BttCBte  of  lead  and  sulphite  of  potassa.  It  is  white,  insoluble, 
and  tastdess,'  and  gives  sulphurous  add  when  healed.  It 
consists  of  1  atom  of  base  =112  +  1  atom  of  acid  =  32. 

NUffUe  of  Lead. — Nitric  acid,  a  little  diluted,  dissolves  lead, 
with  the  extrication  of  nitrous  gas.  If  the  acid  be  in  small 
quantity,  a  sub-nitrate  is  formed,  which  becomes  soluble  on 
lidding  more  acid.  A  small  portion  remains  undissolved, 
which  Dr.  Thomson  finds  to  be  oxide  of  antimony  with  a 
little  silica.  The  solution  is  not  decomposed  when  poured 
into  water.  By  evaporation,  it  yields  large  regular  tetrahe- 
dral  or  octohedral  crystals,  which  are  soluble  in  about  7-}-  parts 
of  boiling  water.  They  contain  no  water  of  crystallization, 
and  consist,  according  to  Berzelius,  of 

Nitric  acid 32.78  ....   100     .  •  1  atom  =    54 

Yellow  oxide  ....  67.22 ....  209.5  . .  1  do.     =112 


100.  309.5  166 

Chevreul  erroneously  considers  this  salt  as  a  super-nitrate,* 
and  describes  a  scaly  salt  as  the  neutral  nitrate,  which  is  in 
fact  a  sulMiitrate^  consisting  of 

*  1  Thomson's  Annals,  101. 
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Nitric  acid 19.86  • .  •  •  100  •  •  1  atom  =54  a 

Yellow  oxide  ....  80.14 ....  403 .  •  2  do.     =  224  | 


100.  503  278 

Bj  boiling  4  parts  of  the  nitrate,  and  6  of  lead,  with  550  , 
parts  of  water,  for  14  hours,  Chevreul  obtained  a  liquid^  ^ 
which  yielded  two  sorts  of  crystals ;  the  one^  in  the  form  of  ^ 
plates,  a  niiriie ;  and  the  other,  in  the  shape  of  needles^  a 
sub-nitrite.    The  nitrite  was  little  soluble  in  cold  water,  and 
boiling  water  dissolved  only  about  a  tenth  of  its  weight.    It  , 
was  decomposed  by  all  the  acids  that  were  tried.    Its  con* 
stituents  are 

Nitrous  acid 18.15   100 

.    Yellow  oxide 81.85    450 


100. 


The  sub-nitrite  crystallized  in  needles,  of  which  100  parts 
of  boiling  water  dissolved  about  three  parts,  and  retained  odc^ 
when  cooled  down  to  73^  Fahrenheit.    It  consisted  c^ 

Nitrous  acid 9.9    100 

Yellow  oxide 90.1    • 910 


100. 


Carbonate  of  Lead, — Carbonic  acid  may  be  made  to  com- 
bine with  protoxide  of  lead,  by  precipitating  the  nitrate  of 
lead  with  carbonate  of  soda,  or  by  long  exposure  of  thin  sheets 
of  lead  to  the  vapour  of  vinegar.  In  the  latter  case,  we  ob- 
tain the  carbonate  of  lead  or  common  white  lead,  which  Berg- 
man has  shown  to  contain  no  acetic  acid,  though  made  by  its 
intervention.     According  to  Berzelius,  it  consists  of 

Carbonic  acid  . .  16.5  ....  100 1  atom  =     22 

Oxide  of  lead   ..  83.5  ....  506.82  ....  1  ditto  =112 


100.  134 

ALfiiaie  and  Sub-aceiale, — When  carbonate  of  lead  is  dis- 
solved in  distilled  vinegar,  and  the  solution  crystallized,  we 
obtain  a  salt  of  great  utility  in  the  arts,  the  super  acetate^  or. 
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properly,  acetate  of  lead,  long  known,  from  iu  sweet 
tnttf^  mder  the  name  oi  sugar  of  lead. 

It  if  in  the  form  of  small  shining  needle-shaped  crystals, 
i^iidi  are  ahnost  equally  scdoble  in  hot  and  in  cold  water,  v'tx. 
to  ibout  one-foarth  the  weight  of  the  fluid.  The  solution  is 
deoompoaed  by  mere  exposure  to  the  air,  the  carbonic  acid 
attracting  the  lead,  and  forming  an  insoluble  carbonate.  It 
is  deoompoaed,  also,  by  the  carbonates  and  sulphates  of 
alkalis. 

Achate  of  lead  consists,  according  to  the  experiments  of 
BemliBs,  of 

Add 26.97  ....  100  ....  1  atom . .    50 

Ydlow oxide • .  58.71  ....  217.662  ....  1  ditto..  112 
Water   ......  14.32 3  ditto  . .    27 
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By  boiling  in  water  a  solution  of  100  parts  of  acetate  of  lead 
and  150  of  finely  pulverized  litharge,  the  acetate  passes  to  the 
state  of  sulh^ceiate.  The  taste  of  this  salt  is  less  sweet ;  it  is 
less  soluble  in  water,  and  crystallizes  in  plates.  It  is  com- 
posed, according  to  Berzelius,  of 

Acid 13.23  ....   100  ....  1  atom  •  •     50 

Yellow  oxide    . .  86.77  ....  656  ....  3  ditto   . .  336 


.  100. 

The  oxide  in  the  sub- acetate,  is,  therefore,  from  experiment, 
so  nearly  three  times  that  contained  in  the  acetate,  that  we 
may  consider  the  deviation  as  arising  from  sources  of  error 
almost  unavoidable  in  chemical  analysis. 

Phosphate  of  Lead. — The  yellow  oxide  of  lead  unites  with 
phosphoric  acid,  either  directly,  or  by  mixing  the  solutions  of 
a  neutral  alkaline  phosphate  and  of  nitrate  or  acetate  of  lead. 
The  compound  is  insoluble,  and  is  comj>osed,  according  to 
Dr.  Thomson,  (Annals  of  Phil.  i.  12.)  of 

Phosphoric  acid   • .  20  ....  100  •  •  • .  1  atom  =    28 
Yellow  oxide     ....  80  ....  400  . .  •  •  1  ditto  =  112 

100  500  140 
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IV.  Sulphuret  of  Lead. — All  the  tolations  of  lead  are  de- 
composed by  sulphureted  hydrogen  and  by  alkaline  hydnn 
sulphurets,  and  a  hydro-sulphureted  oxide  is  thrown  dowii. 
Hence  these  compounds  are  excdlent  tests  of  the  presenoe  of 
lead  in  wine  or  any  other  liquor,  discovering  it  by  a  daric-eo- 
loured  precipitate.  Hence,  also,  characters  traced  with  so- 
lution of  acetate  of  lead,  become  legible  when  exposed  to  sul- 
phureted hydrogen  gas.  The  same  property  explains,  too,  the 
efiect  of  alkaline  hydro-sulphurets  in  blackening  the  gbsa 
bottles  in  whidi  they  are  kept.  The  effect  is  owing  to  the 
action  of  the  sulphureted  hydrogen  on  the  oxide  of  lead  wUdi 
all  white  glass  contains. 

Lead  unites  also  in  its  metallic  state  with  sulphur;  and  con- 
stitutes a  native  compound  of  a  blue  colour  with  considerable 
brilliancy  called  galena^  which  is  the  source  of  almost  all  the 
lead  of  commerce.  This  compound  may,  also,  be  formed  ar- 
tificially. It  is  remarked  by  Bersselius  that  the  sulphur  and 
lead,  which  it  contains,  are  in  such  proportions,  that  wboA 
both  are  combined  with  oxygen,  and  converted,  the  one  into 
sulphuric  acid,  and  the  other  into  yellow  oxide  of  lead,  tlie 
acid  and  oxide  exactly  saturate  each  other.  These  propor- 
tions he  found  to  be 

Sulphur 13.36  ....     15.42  ....  100. 

Lead 86.64  ....  100 643.5 


100.  115.42  743.5 

It  consists,  therefore,  of  one  atom  of  lead  =104  +  1  atom 
of  sulphur  =  16;  and,  as  the  atom  of  sulphur  is  double  the 
weight  of  that  of  oxygen,  we  obtain  a  confirmation  of  the  pro- 
portions already  assigned  to  the  protoxide  of  lead. 

The  alloys  of  lead  are  described  in  other  sections  of  this 
chapter. 


Ill 


CLASS  11. 

METALS,  THB  OXIDES  OF  WHICH  ARE  REDUCIBLE  BY 

HEAT  ALONE. 

SECTION  XXXIII. 

Mercury. 

MEBCURTy  or  quicksilver,  is  the  only  one  ofthc  metals,  that 
leuins  a  fluid  form  at  the  ordinary  temperature  of  the  at- 

When  its  temperature  is  reduced  to  about  39^  or  40^  below 
zero  of  Fahrenheit,  it  becomes  a  solid*  This  is  a  degree  of 
coU^  however,  that  occurs  only  in  high  northern  latitudes : 
in  Udom  country  quicksilver  can  only  be  exhibited  in  a  solid 
state  by  means  of  artificial  mixtures.  By  congelation  it  ac- 
qoires  an  increase  of  specific  gravity ;  and,  therefore,  unlike 
other  meials»  the  congealed  portion  sinks  to  the  bottom  of  a 
fluid  msfls  of  mercury.  Its  specific  gravity,  at  47^  above  0 
of  Fahrenheit,  being  13.545,  it  was  found  increased  by  con- 
gdatioD,  in  an  experiment  of  Mr.  Biddle,  to  15.612,  or  about 
one-seventh. 

At  about  660^  of  Fahrenheit,  656^  according  to  Creighton, 
680^  according  to  Petit  and  Dulong,  or  662%  measured  by 
a  true  thermometer,  mercury  boils,  and  is  changed  into  va- 
pour. Hence  it  may  be  driven  over  by  distillation,  and  may 
thus  be  purified,  though  not  accurately,  from  the  admixture 
of  other  metals.  When  its  temperature  is  considerably  in- 
creased above  this  point,  the  vapour  acquires  great  expan- 
nve  force,  and  the  power  of  bursting  the  strongest  vessels. 

I.  Oxides  of  Mercury. — Mercury    is    not  oxidized,  when 

pure,  at  the  ordinary  temperature  of  the  atmosphere;  but 

preserves  the  lustre  of  its  surface  unchanged  for  a  considerable 

'  time.    There  are  several  methods,  however,  by  which  it  may 

be  brought  to  combine  with  oxygen. 

(a)  Mercury  is  oxidized  by  long  continued  agitation  in  a 
bottle  half  filled  with  atmospherical  air,  and  is  converted  into 
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a  black  powder  to  which  Boerhaave  gave  the  name  o(ethiop$  m 
per  se.  In  this  the  oxide  is  mixed,  however,  with  mudi  me-  ii 
tallic  mercury.  When  the  black  oxide  (which  may  be  ob-  a 
tainedy  with  less  trouble,  by  decomposing  calomel  with  an  3 
excess  of  solution  of  potassa),  is  distilled  in  a  glass  retort,  oxy-  ^ 
gen  gas  is  evolved ;  or>  if  a  moderate  heat  be  long  continued^  0 
it  acquires  a  reddish  coloiur,  and  a  still  farther  dose  of  oxygen.  ,, 

The  protoxide  of  mercury,  it  is  asserted  by  Guibourt,  can-  g 
not  be  obtained  perfectly  pure;  for  when  either  pro-nitrate  or  , 
protochloride  of  mercury  is  decomposed  by  potassa,  the  pre- 
cipitate,  even  when  excluded  from  air»  contains  peroxide  of  j 
mercury  and  small  globules  of  metal,  the  latter  of  whidi  are 
discoverable  by  a  magnifier.     Nor  can  it  be  procured  by  tri- 
turating the  peroxide  with  metallic  mercury.* 

{I)  Another  oxide  of  mercury  is  obtained  by  exposing  the 
fluid  metal,  for  several  days,  to  nearly  its  boiling  temperatnre^ 
in  a  flat  glass  vessel,  into  which  air  is  freely  admitted.  After 
a  sufiicient  length  of  time,  small  flaky  crystals  form  on  its  sur- 
face, of  a  brownish  red,  or  flea  colour.  This  red  oxide  wai 
formerly  called  precipitate  per  se.  When  distilled  alone  in 
a  glass  retort,  it  yields  oxygen  gas,  and  returns  to  a  metallic 
state.  It  is  composed,  according  to  Fourcroy  and  Thenard, 
of  100  metal  and  8  of  oxygen.  Sir  H.  Davy,  also,  finds  its 
oxygen  to  be  exactly  double  that  of  the  protoxidcj  which, 
from  his  experiments,  is  composed  of  1 90  mercury,  and  7.5 
oxygen,  while  the  peroxide  consists  of  190  metal  and  15 
oxygen.     Hence  the  protoxide  is  composed  of 

Mercury 96.22    100 

Oxygen 3.78    8.947 

100.  103.947 

And  the  peroxide  of 

Mercury 92.69    100. 

Oxygen    7.S1    7.894 

100.  107.894 


*  6  Ann.  de  Chim.  et  Phjs.  ii.  42S. 
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Mr.  Donovan  finds  that  100  parts  of  mercury  take,  to  form 
Uack  oxide,  4.12  of  oxygen;  and,  to  form  red  oxide^  7.82. 
But  the  two  last  numbers,  not  beuig  strictly  coincident  with 
the  law  of  multiple  proportions,  one  of  them  must  be  er* 
roneous.  Admitting  the  red  oxide  to  consist  of  7.82,  for  every 
100  grains  of  mercury,  the  black  must  consist  of  100  +  3.91 » 
It  will,  perhaps,  be  sufficiently  near  the  truth,  if  we  admit, 
with  Dr.  Wollaston,  that,  according  to  the  original  determi- 
nation of  Fourcroy  and  Thenard,  confirmed  by  the  recent  ex- 
periments of  Sefstrom,*  the  black  oxide  consists  of  100  metal, 
united  with  4  of  oxygen,  and  the  red  of  100  mercury  +  8 
oxygen.  The  latter  number  agrees  also  with  the  experiments 
of  Gttibourt ;  and  the  oxygen  in  the  protoxide,  though,  from 
his  analysis,  it  appeared  to  amount  to  4-^  oxygen  upon  100  mer- 
cury, may  be  safely  taken  at  half  that  in  the  peroxide.  This 
would  make  the  atom  of  mercury  to  weigh  200,  for 

4  :  100  ::  8  :  200. 

Peroxide  of  mercury,  Guibourt  finds,  is  decomposed  by 
long  continued  exposure  to  light.  It  is  soluble  in  water,  and 
communicates  to  it  the  property  of  turning  syrup  of  violets 
green,  and  of  being  precipitated  by  sulpliureted  hydrogen. 
With  ammonia,  the  peroxide  forms  an  anwioniuret  of  mercury 
decomposable  by  heat. 

Chlorides  ofMeicury, — Mercury  unites  easily  with  chlorine^ 
and  if  heated  in  that  gas,  burns  with  a  pale  red  flame.  The 
product  is  identical  with  the  salt  called  corrosive  sublimate^ 
which  in  fact  is  a  chloride  of  mercury,  and  is  termed  per- 
chloride  or  hi-chloride  to  distinguish  it  from  calomel^  another 
compound  of  the  same  elements  in  difierent  proportions* 
According  to  the  experiments  of  Sir  H.  Davy,  corrosive  sub- 
limate is  constituted  of  190  mercury  +  67.0  chlorine,  or  it 
consists  of  1  atom  of  mercury  =  200  -f  2  atoms  of  chlorine  = 
72,  or  of 

Mercury 74 100       ....  284.41 

Chlorine    •••.  26 35.2    ••••  100. 

100. 


•  Ann.  of  PhiL  N«  S.  ii.  196. 

you  II.  I 
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When  tli€  perchloridc  is  accurately  mixed  witii  about  Imlf 
its  weight  of  metallic  quicksilver  and  sublimed,  we  obtain  a* 
compound  of  chlorine  and  mercury,  called  proto^hloride  rf  j 
mercury  or  calomely  a  substance  long  used,  and  of  great  im^  3 
portance  in  medicine.  It  is  constituted  of  one  atom  ofmer-  ^ 
ctiry  =  200  +  one  atom  of  chlorine  =  36,  or  of 

Mercury 85 100      568.2 

Chlorine 15 17.6 100.  ' 

100. 

Corrosive  sublimate  and  calomel  are  not,  however,  prepared 
for  use  by  the  direct  combination  of  chlorine  and  mercuiy, 
but  by  a  method  which  will  be  described  in  speaking  of  the 
sulphate  of  mercury. 

Bi'chloride  of  mercury  is  a  white  semi-transparent  mass,  im- 
perfectly crystallized.  Its  specific  gravity  is  -5.2.  Light  has 
no  action  on  it  in  its  solid  form.  It  has  an  acrid  and  nauseous 
taste,  and  leaves  in  the  mouth  a  permanent  metallic  flavour. 
It  is  a  violent  poison.  Water  at  60^  Fahr.  dissolves  rather 
more  than  one-twentieth  of  its  weight.  The  solution  is  de- 
composed  by  light,  and  calomel  is  formed.  Alcohol,  sp.  gr, 
.816,  takes  up  half  its  wei<yht,  and  acquires  the  specific  gravity 
1.08.  Ether,  sp.  <rr.  .TtS,  dissolves  one-third  of  its  weight,  and 
the  solution  has  the  same  specific  gravity  as  that  eflected  by 
alcohol.  Muriatic  acid,  sp.  gr.  1.158,  at  70^.  Fahr.  takes  up 
twice  its  weight  of  corrosive  sublimate,  and  the  solution  is  of 
sjxjcific  gravity  2.4-12;  but,  on  lowcriug  its  temperature  a  few 
degrees,  it  suddenly  becomes  solid.  From  Dr.  Davy's  ex- 
periments ( Phil.  Trans.  1822),  corrosive  sublimate  ap^iears  not 
to  be  soluble  in  the  sulphuric  or  nitric  acids.  It  is  capable  of 
uniting,  and  forming  a  double  salt,  with  muriates  of  ammo- 
nia, potassa,  soda,  baryta,  and  magnesia,  all  of  which  greatly 
increase  its  solubility ;  and  the  solutions  by  these  menstrua, 
as  well  as  by  alcohol  and  ether.  Dr.  Davy  finds,  undergo  no 
change  by  exposure  to  the  light.  From  the  watery  solution, 
alkalis  throw  down  peroxide  of  mercury,  first  as  an  orange, 
and  afterwards  as  a  brick-red  j^recipitate. 

VnHO'L'ilorldv  of  vivrcury  {cfflomef)  is  white,  crystalline,  and 
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bmewjj  its  ipecific  gravity  being  7.2.  It  is  UstdeM,  md 
■iTly  inaoiuble,  and  maj  be  taken  in  doses  of  several  grains^ 
mdMNit  may  eSset  bat  that  of  a  pargative.  When  a  mass  o€ 
it  is  acratefaed,  it  gives  a  yellow  stredc,  which  is  not  the  case 
with  die  perchloride;  and  when  veiy  finely  powdered,  it  haa  a 
i%ht  boff  colour* 

When  a  very  small  quantity  of  calomel  (about  lOgr.)  is 
well  triturated  with  a  litde  water,  and  then  widi  a  considerable 
ipsntity  of  liqnid  potassa,  poured  on  it  at  once,  an  iatenselj 
Uack  precipitate  is  obtained,  which,  when  dried  at  a  gentfe 
hast,  and  nibbed  in  a  mortar,  affi>rds  about  one-fcnirth  ita 
weigkt  of  revived  mercury.  The  remainder  is  the  protoxide 
already  described. 

Saks  of  Mercury. 

V.  Smiphale. — Mercury  is  dissolved  by  hot  and  concen- 
trated sulpkuric  QiM*  Two  parts  of  sulphuric  acid  and  one 
of  BKrcsry  are  the  proportions  generally  used ;  and  as  strong 
sulphuric  acid  acts  but  little  on  iron,  the  combination  may  be 
in  an  iron  vessel.  Part  of  the  redundant  acid  may  be 
by  beat ;  but  still  the  salt  retains  a  considerable  ex- 
4if  acid,  and  may  be  considered  as  per-sulpliate  of  mer- 
cniy.  It  is  very  difficult  of  solution,  requiring  155  parts  of 
cold  or  dS  of  boiling  water.  By  repeated  washings  with  cold 
water,  the  whole  excess  of  acid  may  be  removed,  and  the  salt 
is  reduced  to  a  sulphate,  and  rendered  much  less  soluble.  The 
per*salphate  is  constituted  of  1  atom  of  peroxide  +  2  atoma 
of  acid;  the  sulphate  of  1  atom  of  each  ingredient 

When  the  per-sulphate  is  heated  for  some  time,  at  a 
temperature  exceeding  that  of  boiling  water,  it  loses  still 
more  acid,  and  is  clianged  into  a  hard  grey  mass.  When 
tins  is  removed  from  the  fire,  and  boiling  water  )X)ured  upon 
it,  a  lemon -yellow  coloured  powder  is  formed,  called  Turbitk 
Mineral.  This  substance  requires  for  solution  2000  times  its 
weight  of  water.  One  hundred  parts  consist  of  10  sulphuric 
add,  76  men;ury,  1 1  oxygen,  and  3  water. 

The  principal  use  of  sulphate  of  mercury  is  in  tlie  forma* 
tien  of  corrosive  sublimate  and  calomeL  The  following  rae«- 
thods  of  preparing  these  compounds  have  been  described  bj 

1  2  * 
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Mr.  Brande :  For  corrosive  sublimate^  50  pounds  of  mercury 
are  boiled  to  dryness  in  a  cast  iron  pan  with  70  pounds  of  sol- 
pburic  acid;  73  pounds  of  super* sulphate  of  mercury  are 
thus  formed,  which  being  perfectly  mixed  with  120  lbs.  cf 
muriate  of  sOda  and  sublimed,  yield  from  63  to  65  lbs.  of 
corrosive  sublimate. 

To  form  calomel,  50  lbs.  of  mercury  are  boiled  with  70  lbs. 
of  sulphuric  acid  to  dryness :  62  lbs.  of  the  dry  salt  are  tritu- 
rated with  40^  pounds  of  mercury  until  the  globules  disappear^ 
and  34  lbs.  of  common  salt  are  then  added.  The  mixture  is 
submitted  to  heat  in  earthen  vessels,  and  from  95  to  100  lbs. 
of  calomel  are  the  result.  This  is  first  to  be  ground  to  a  fine 
and  impalpable  powder,  and  then  washed  with  large  quantities 
of  distilled  water.  (Manual,  vol.  ii.) 

Chlorates  of  Mercury, — The  oxides  of  mercuiy  dissolve  in 
chloric  acid.  The  salt  formed  with  the  peroxide  is  the  most 
soluble.  When  heated,  both  give  out  oxygen  gas,  and  are 
converted  into  peroxide  of  mercury  and  corrosive  sublimate. 
(Vauquelin,  Ann.  de  Chim.  xcv.  103.) 

Mercury  and  Iodine. — There  are  two  compounds  of  these 
bodies,  which  may  be  formed  either  by  gently  heating  mercury 
with  iodine,  or  by  mixing  solutions  of  mcrcuiy  with  hydriodic 
acid.  Both  are  insoluble.  The  prot-iodide,  consisting  of  1 
atom  of  mercury  +  1  of  iodine,  is  yellow.  The  dcut-iodide, 
consisting  of  1  mercury  +  2  iodine,  has  n  red  colour. 

Mercury  and  Cyanogen. — Cyanide  of  mercury  may  be  pre^ 
pared  by  boiling  in  a  mattras  eight  parts  of  water,  two  of  finely 
powdered  prussian  blue,  and  one  of  peroxide  of  mercury. 
When  the  liquid  assumes  a  yellow  colour,  it  is  to  be  filtered, 
and  the  cyanide  of  mercury  is  deposited  in  a  crystallized  form 
on  cooling.  By  repeated  evaporation  and  cooling,  all  the 
cyanide  that  is  capable  of  crystallizing,  will  be  separated, 
mingled  however  with  some  oxide  of  iron.  To  purify  it, 
Proust  recommends  that  it  be  re-dissolved ;  boiled  with  an 
excess  of  oxide  of  mercury ;  and  again  filtered.  The  liquid 
retains  an  excess  of  the  oxide,  which  may  be  saturated  by 
adding  hydro-cyanic  acid,  for  the  oxygen  instantly  passes  to 
the  hydrogen  of  the  acid,  and  the  cyanogen  to  the  mercury. 
The  cyanide  may  now  be  crystallized  again ;  and,  if  intended 
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tx  the  preparation  of  cyanogen,  it  must  be  thoroughly  driedy 
avoidiog  however  more  beat  than  is  absolutely  necestary. 

Niiraie  of  Mercury. — The  nitric  acid  diluted  with  three 
parte  of  water  dissolves  mercury,  both  with  and  without  the 
assistance  of  heat.  At  the  common  temperature,  but  little 
nitrous  gas  is  evolved ;  and  the  acid  becomes  slowly  saturated. 
The  solution  is  very  ponderous  and  colourless;  and  yields,  by 
evsporatioii,  large  transparent  crystals  of  pro-niiraie  of  mer^ 
airy.  The  solution  does  not  become  milky  when  mingled 
with  water.  Pure  fixed  alkalis  give  a  yellowish  white  preci- 
pitate; and  ammonia  a  greyish  black  one. 

Bui  if  heat  be  used,  and  the  acid  be  less  diluted,  a  brisk 
cC&rvesceucc  arises,  occasioned  by  the  escape  of  nitrous  gas, 
and  a  solution  is  obtained,  in  which  the  metal  is  more  highly 
oxidated,  constituting  per^nitrate  of  mercury.  When  this  so- 
ludon  is  poured  into  cold  water,  a  yellowish  white  sediment 
is  formed ;  or,  if  into  boiling  water,  an  orange  coloured  one. 
Both  precipitates  consist  of  nitric  acid,  with  a  great  excess  of 
oxide,  forming  an  imoluhle  sub-pernitraie  of  mercury ;  while 
a  super  salt  remains  in  solution. 

If  the  last-mentioned  solution  be  boiled  with  a  fresh  quan- 
tity of  mercury,  the  newly  added  metal  is  taken  up,  without 
any  discharge  of  nitrous  gas,  the  metal  becoming  oxidized  at 
the  expence  of  that  already  dissolved. 

When  the  nitrate  of  mercury  is  exposed  to  a  heat  gradually 
raised  to  600°  or  upwards,  it  is  deprived  of  water  and  of  most 
of  its  acid,  and  reduced  to  an  oxide,  which  has  the  form  of 
brilliant  red  scales.  This  substance,  commonly  called  red 
precfpUaie,  is  termed  more  properly  the  vilroxide  of  mercury  i 
because  it  still  contains  a  small  proportion  of  acid. 

Fulminaling  Mercury. — Mercury  is  tiic  basis  of  vl  fulmi-- 
noting  compound  discovered  l)y  the  late  Mr.  E.  Howard.  To 
prepare  this  powder,  100  grains  (or  a  greater  proportional 
quantity,  not  exceeding  500)  are  to  be  dissolved,  with  heat,  in 
a  measured  ounce  and  half  of  nitric  acid.  The  solution  being 
poured  cold  upon  two  measured  ounces  of  alcohol,  previously 
introduced  into  any  convenient  glass  vessel,  a  motlerate  heat 
is  to  be  applied  till  effervescence  is  excited.  A  v/hite  fume 
then  begins  to  undulate  on  the  surface  of  the  liquor,  and  the 
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powder  will  be  gradually  precipitated  on  the  cessation  of  ais 
tion  and  re-^action.  The  precipitate  is  to  be  hnmediately  coU 
lected  on  a  filter,  well  washed  with  distilled  water,  and  cau* 
tiously  dried  in  a  heat  not  exceeding  that  of  a  water-bath* 
The  immediate  washing  of  the  powder  is  material,  because  it 
is  liable  to  the  re-action  of  the  nitric  acid  ;  and  while  any  of 
that  acid  adheres  to  it,  it  is  very  subject  to  be  decomposed  by 
the  action  of  light.  From  100  grains  of  mercnry,  about  ISO 
<Mr  130  of  the  powder  are  obtained.*  This  powder  has  the 
property  of  detonating  loudly  in  a  gentle  heat,  or  by  light 
friction.  Hence  it  has  been  proposed  as  a  means  of  firing^ 
eiidnance.  But  an  accident  described  by  Professor  SillimaDy 
as  having  happened  in  his  laboratory,  shows  that  this  fulmi- 
nating compound  explodes  from  such  trifling  causes,  as  not  ti> 
be  kept  without  danger,  even  when  secured  from  friction  or 

lieat.T 

Sulpkureis  of  Mercury. — By  combination  with  sulphur^ 
mercury  afibrds  two  distinct  compounds.  By  long  continued 
trituration,  these  two  bodies  unite,  and  ibrm  a  black  sol-^ 
phuret.  When  united  together  by  fusion,  and  afterwards 
sublimed,  they  constitute  a  red  sulphuret  called  cinnabar^ 
ifhich,  when  powdered,  afibrds  the  common  pigment  Ver- 
million. The  process  used  by  the  Dutch,  who  have  long  been 
celebrated  for  the  preparation  of  cinnabar,  is  described  in  the 
4th  volume  of  the  Annales  de  Clnmie^  or  in  Aikin's  Dic- 
tionary, vol.  ii.  This  compound  also  may  be  obtained  by 
mixing  concentrated  solutions  of  muriate  of  mercury  and 
hydro-sulphuret  of  ammonia.  A  brownish  muddy  precipitate 
is  obtained,  which,  when  left  undisturbeil,  turns  yellow  in  three 
or  four  days,  then  orange,  and  finally  acquires  a  beautiful 
cinnabar  ct)lour.^  It  is  from  a  natural  compound  of  mercury 
and  sulphur,  called  votive  cinnabar^  that  most  of  the  mercuiy 
of  commerce  is  obtained,  by  distilling  the  compound  with 
iron  filings. 

If  mercury,  like  other  metals,  unite  with  twice  the  quantity 
^  sulphur  which  it  absorbs  of  oxygen,  the  proportion  of  i«<- 
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gredients  in  its   sulphurets  will  be  found   by  doubling  the 
oxygen  of  the  oxides,  and  they  will  be  composed  as  follows : 

Mercury.  Sulphur. 

Proto-sulphnret 100  ....     7.89* 

Bi-sulphuret 100 15.788 

The  composition  of  the  sulphurets  of  mercury  has  been 
inyestigated  experimentally  by  Guibourt,  with  results  very 
nearly  approaching  to  these  theoretical  quantities.''^  The  first 
be  obtained  by  acting  on  calomel ;  and  the  second  on  cor- 
rosive sublimate,  with  sulphureted  hydrogen.  Both  the 
resulting  compounds  were  black ;  but  the  latter  was  entirely 
convertible  into  cinnabar  of  the  usual  colour  by  sublimation. 
Anal^'sis,  by  distillation  with  iron,  showed  tliem  to  consist 
as  follows : 

Mercury.  Sulphur. 

Proto-sulphuret 100 8.2 

Bi-sulphuret 100 16.0 

Amalgams, — Mercury  dissolves  gold,  silver,  tin,  and  many 
other  metals ;  and  if  these  be  combined  with  it  in  sufficieiit 
quantity,  the  mercury  loses  its  fluidity,  and  forms  an  amalgam. 
A  solid  amalgam  of  lead,  and  another  of  bismuth,  on  admixr 
ture  together,  have  the  singular. property  of  instantly  becom- 
ing fluid.  The  extraordinary  powers  of  the  base  of  ammonia 
in  amalgamating  with  mercury,  have  already  been  described 
in  speaking  of  that  alkali. 

By  combination  with  mercury,  metals  that  are  not  easily 
osidtzed,  acquire  a  facility  of  entering  into  union  with  oxygen. 
Thus  gold  aid  silver,  when  combined  with  mercury,  are 
oxidised  by  agitation  in  contact  with  air.  This  fact  fuimisbes 
a  striking  illustration  of  the  effect  of  overcoming  tlie  nggrego* 
tiveaflhiity  of  bmiies,  in  promotMig  chemical  union. 

'•  Awn.  de  Chim.  ei  Phvs.  ii.  4^5. 
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SECTION  XXXIV. 

Silver. 

Silver  is  a  metal,  which  admits  of  a  degree  of  lustre,  in- 
ferior only  to  that  of  polished  steel.  Its  specific  gravity,  after 
beinff  hammered,  is  10.51.  In  malleabilitv,  duciilitv,  and 
tenacity,  it  exceeds  all  the  metals,  except  gold.  Its  fusing 
point,  as  determined  by  Dr.  Kennedy,  is  22°  of  Wedgwood's 
'Pyrometer.  By  considerably  raising  this  heat,  it  may  be  vo- 
latilized ;  and,  by  slow  cooling  of  tlie  fused  mass,  it  may  be 
made  to  assume  a  regular  crystallized  form. 

To  obtain  silver  in  a  state  of  purity,  Mr.  Donovan  recom- 
mends, that  240  grains  of  standard  silver  be  dissolved  in  as 
much  pure  nitric  acid  of  specific  gravity  about  1.2.  as  will  be 
barely  necessary  for  solution.  This  is  to  be  filtered,  and  dis- 
tilled water  allowed  to  run  throunrh  the  filter,  until  the  fluids 
amount  to  two  ounce  measures.  A  bright  plate  of  copper 
weighing  upwards  of  64*  grains  is  to  be  immersed  and  fre- 
quently agitated  in  it.  When  the  silver  has  entirely  preci- 
pitated,  which  will  very  soon  happen,  the  clear  supernatant 
liquor  is  to  be  poured  off,  and  the  precipitate  to  be  well 
washed  with  pure  water.  The  silver  is  then  to  be  boilwl  for  a 
few  minutes  in  liquid  ammonia.  It  is  then  to  be  well  washed 
with  water  and  dried  on  a  filler;  after  which,  if  required,  it 
may  be  melted  in  a  crucible.* 

The  chemical  properties  of  silver  are  the  following: 

I.  Oricics  of  Silver, —  Silver  is  diflicnitly  oxidizetl  by  the 
•concurrence  of  heat  and  air.  The  tnrmslut}^  of  silver  is  owing 
•not  to  its  oxidation  merely,  but  to  its  union  with  sulphur,  as 
Proust  has  satisfactorily  shown. 

By  transmitting  a  Galvanic  or  electric  discharge  tlirough 
silver  wire,  it  is  oxidized;  and  by  long  exposure  of  silver  to 
heat,  with  free  access  of  air,  it  is  at  length  converted  into  an 
olive- CO  loured  glass. 

From  some  curious  facts,  which  are  stated  by  Mr.  Lucas  in 
vol.  iii.  N.  S.  of  the  Manchester  Society's  Memoirs,  it  appears 

*  Phil.  ISlagasiua,  xlvii.  '205. 
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dttt  silfer,  when  melted,  and  e:cposed  to  a  current  of  air  or 
of  oxygen  gas,  forms  a  ten))>oniry  union  with  oxygen,  which 
k  again  given  off  in  the  state  of  gas,  when  the  metal  cools 
ipoDtaneously,  or  ia  poured  into  cold  water.  This  property^ 
it  has  been  shown  by  Chevillot  (Ann.  de  Chim.  et  Phys.  xiiL 
299)  belongs  only  to  pure  silver,  and  not  to  silver  alloyed  even 
with  a  very  small  proportion  of  copper. 

The  oxide  of  silver  may  be  obtained  by  decomposing 
Dilrate  of  silver  with  solution  of  bar}*ta ;  and,  after  washing 
the  precipitate  sufficiently,  heating  it  to  dnil  redness.  It  has 
an  olive  colour,  and  is  composed,  according  to  Sir  H.  Davy, 
of  100  (virts  of  silver  united  with  7.S  oxygen,  or,  according 
to  Dr.  Wollaston's  scale,  7 A.  A  larger  proportion  of  oxygen 
v^  formerly  assigned  by  Berzelius;  but  he  has  recently  given 
the  following  statement : 

Silver 93.12  ....  100. 

Oxygen 6.88  ....       7.3986 

100.  107.8986* 

Taking  the  proportion  of  oxygen  which  combines  with  100 
parts  of  silver  at  7.3,  the  equivalent  number  for  silver  will 
be  110.  No  other  oxide  of  silver  has  been  actually  ascer- 
tained to  exist ;  though  from  the  experiments  of  Mr.  Faraday, 
there  seems  reason  to  believe  that  the  pellicle,  which  forms 
spontaneously  on  an  ammoniacal  solution  of  oxide  of  silver 
exposed  to  the  air,  is  a  protoxide  of  that  metal,  in  which  the 
oxygen  is  to  the  silver  as  7.5  to  157.4'.t  Dr.  Thomson  admits 
it  to  be  a  distinct  oxide,  and  considers  it  as  constituted  of  3 
atoms  of  silver  =  330  +  2  atoms  of  oxygen  =  16. 

II.  CkUrride  of  Silver. — Silver  combines  with  chlorine^ 
under  some  circumstances,  with  the  appearance  of  com- 
bustion. The  result  is  a  substance  called  chloride  of  silver^ 
which  may  be  obtained  more  easily  by  adding  a  solution  of 
nitrate  of  silver  to  one  of  chloride  of  sodium  (common  salt) 
and  edulcorating  and  drying  the  precipitate.  This  precipitate, 
if  exposed  to  the  light,  and  especially  to  the  sun's  direct  rays, 
becomes  darker  in  colour  and  finally  black.     When  heated' to 


•  Annals  of  Phil.  %w  98.  t  Jouni.  of  Science,  iv.  870. 
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19.05 

....  80.95 

19.28 

....   80.72 

1 9.035 

....  80.965 
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dull  redness  in  a  silver  crucible,  it  melts,  and  on  cooling  forias 
a  mass  which  has  the  imperfect  transparency  of  horn,  ami  has 
hence  been  called  luna  corvca  or  horn  silver.  It  was  formerly 
considered  as  a  compound  of  oxide  of  silver  widi  dry  muriatic 
acid,  and  its  composition  was  stated  as  follows.  One  hundred 
grains  contain. 

According  to  Dr.  Marcet  . . . 

Gay  Lussac  . .  . 

'  Berzelius 

Horn  silver  is  now,  however,  i*egarded  as  a  chloride  of  that 
metal.  To  convert  tlve  old  statement  of  its  composition  into 
the  new,  it  is  only  necessary  to  calculate  the  oxygen  conlained 
in  the  oixidc,  to  add  it  to  the  muriiitic  acid,  and  to  consider 
the  sum  as  chlorine,  llius  80.95  of  base  contain  5.50  oxj'gen 
(rating  the  oxide  at  100  metal  +  7.3  oxygen)  and  19.05  + 
5.50  =  2<i.55  shows  the  quantity  of  chlorine  in  100  grains  of 
horn  silver,  according  to  Dr.  Marcet's  statement. 

To  know  the  composition  of  cliloride  of  silver,  100  grains 
ef  the  metal  may  be  dissolved  in  nitric  acid,  and  precipitated 
by  a  solution  of  common  salt.  The  precipitate  being  care- 
fully washed,  dried,  and  fused,  the  increase  of  weight  on  the 
«lver  shows  the  quantity  of  chlorine  which  has  been  gained* 
Different  chemists  have  given  different  statements.  Wenzel 
found  that  100  of  silver  gave  ISl.'t  of  chloride;  Davy,  132.5; 
Bucbolc,  Rose,  Marcet,  and  Gay  Lussac,  133.3 ;  and  Ber- 
zelius, from  several  experiments,  considers  132.75  as  the  true 
product.*  Taking  Sir  H.  Davj^'s  result,  the  composition  of 
chloride  of  silver  is 

Silver 75.5  ....  100 307.69 

Chlorine ^^.5  ....     32.5  .•••  100. 


100. 

And  die  equivalent  number  for  silver,  deducible  from  this 
analysis,  is  1 10.7,  from  Berzelias's  109.9.  It  will  perli^s  be 
very  near  the  truth  if  taken  at  1 1*0,  a  number  agreeing  witii 
llial  indicated  tiy  tlie  composkion  of  die  oidde. 


•  Am.  of  Phil,  sn  aa. 
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Cbkmde  of  silver  is  imoluble  in  waler,  but  is  very  solaUe 
in  liquid  ammonia.  The  solution  sometimes,  when  heated, 
affords  fulminating  silver,  and  should  therefore  be  treated  with 
caution.  It  furnishes  crystals,  which,  l^  exposure  to  ihe  air^ 
mre  decomposed,  tlie  ammonia  escaping^  and  chloride  of  silver 
vemaining.  Chloride  of  silver  also  dissolves  in  hypo-suIphurous^ 
acid.  It  is  decomposed  by  a  stream  of  hydrogen  gas,  and, 
when  moistened  with  water,  by  any  materials  capable  of 
affording  hydrogen,  such  as  zinc  filings  and  dilute  sulphuric 
acid.     Zinc  and  tin  decompose  it  also  in  the  dry  way. 

If  a  little  fused  chloride  of  silver  and  a  little  zinc  be  heated 
together  in  a  glass  tube,  a  violent  action  takes  place,  chloride 
of  zinc  is  "formed,  and  silver  set  at  liberty,  and  the  heat 
generally  rises  high  enough  to  fuse  the  silver.  Zinc  alone,, 
brought  into  contact  with  moist  chloride  of  silver,  decomposer 
k;  bat  hydrogen,  freed  from  all  impurities  and  directed  upon 
BKnstened  chloride  of  silver  in  the  dark,  effects  no  change 
whatever.  (Faraday,  Jouni.  of  Science,  viii.  S75.) 

Iodide  of  silver  is  formed  when  hydri€>dic  acid  is  added  to 

nitrate  of  silver.     It  is  insoluble  both  in  water  and  ammonia  r 

has  a  greenish  yellow  colour ;  and  is  decomposed  when  heated 

witii  potassa. 

III.    Salis  of  Silver. 

Chlorate  of  silver  may  be  obtained  by  digesting  oxide  of 
silver  with  chloric  acid.     It  forms  small  rhomboidal  crystals. 

lodaie  vf  silver  is  precipitated  by  iodic  acid  from  the  nitrate.^ 
It  is  a  white  powder,  insoluble  in  water,  but  very  soluble  ia 
ammonia. 

Hyposulphite  of  silver  may  be  formed  by  mixing  hypo* 
sulphite  of  soda  with  dilute  nitrate  of  silver,  or  by  dissolving 
efaloride  of  silver  in  any  of  the  hypo-sulphites.  Though 
formed  of  ingredients  that  have  a  metallic  and  very  bitter  taste, 
its  flavour  is  intensely  sweet. 

Sitlp/iate  of  Stiver. — Sulphuric  acid  acts  on  silver  when 
iMoled,  oxidizes  and  dissolves  it ;  bat  the  sulphate  of  silver^ 
which  is  a  very  usefol  test,  is  better  formed  by  precipitating 
nitrate  of  silver  with  cat4)onate  of  «oda,  edulcorating  thejMre- 
cipitute,  and  dissolving  it  in  dilute  sulphuric  acid.  It  forma 
aaiall  brilliant  needle  shaped  crystals,  which  require  about 
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a  solution  of  silver  in  nitric  acid,  and  four  of  a  soluiioa  of  J 
mercury  in  the  same  acid»  both  completely  saturated.  Add  s  ^ 
small  quantity  of  distilled  water;  and  put  the  mixture  into  ft  ^ 
conical  glass,  containing  six  parts  of  an  amalgam,  made  wHh  : 
seven  paits  of  mercury  and  one  of  silver.  At  the  end  of  soina  r 
hours,  there  appears  on  the  surface  of  the  amalgam  a  precipU  i 
tate  in  the  form  of  a  vegetation.  According  to  Proust,  how*  : 
ever,  this  complicated  process  is  quite  unnecessary ;  and  all'  .; 
that  is  required  is  to  throw  mercury  into  nitrate  of  silver  veiy  * 
much  diluted.  A  beautiful  arborization  of  reduced  silver,  Im 
observes,  will  be  produced  without  difficulty. 

The  solution  of  nitrate  of  silver  is  decomposed  by  charcoal^ 
and  by  hydrogen  gas  and  its  compounds.  This  may  be  shown  . 
by  experiments  precisely  similar  to  tliosc  already  directed  to 
be  made  with  muriate  of  gold.  A  stick  of  clean  phosphonii^ 
-also,  immersed  in  a  dilute  solution  of  nitrate  of  silver,  in  tho 
course  of  a  few  days  becomes  beautifully  gilt. 

Fulminating  Silver. — Precipitate  nitrate  of  silver  by  lim^ 
^atcr,  and  thoroughly  eilulcorate  and  dry  the  precipitate. 
Let  this  be  afterward  put  into  a  vessel  of  the  purest  liquid 
ammonia,  in  which  it  may  remain  for  ten  or  twelve  hours.  It 
will  then  assume  the  form  of  a  black  powder,  from  which  the 
fluid  is  to  be  decanted,  and  the  black  substance  left  to  dry  in 
the  air.  This  is  the  celebrated  compound  termed  fulminating 
silver^  which  detonates  with  the  gentlest  heat,  and  even  with 
the  slightest  friction.  It  inny  be  formed,  also,  by  boiling  any 
precipitated  oxide  of  silver,  for  a  few  nioinents,  in  a  mixed 
solution  of  potassa  and  ammonia.  The  protoxide,  however, 
described  by  Mr.  Faraday,  does  not  afford  it.  When  once 
prepared,  no  nltempt  must  be  made  to  enclose  it  in  a  bottle, 
xmd  it  must  be  iefl  undisturbed  in  the  vessel  in  which  it  was 
dried.  Cyreat  caution  is  necessary  in  the  preparation  of  this 
substance,  for  in  making  experiments  on  it,  several  fatal 
accidents  having  been  produced  by  indiscretion  in  its  use.  It 
even  explo<les,  when  moist,  on  the  gentlest  friction.* 

Another  detonating  compound  of  silver,  formc<l  by  a  pro- 
cess similar   to  that   employed   in   making  the  fulminating 


•  Sec  Count  Uumford's  |)ai»€rs,  Phil.  Trans.,  1798. 
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mercury  of  Mr.  Howard,  has  been  described  by  Descotili.''^ 

It  is  prejiared  by  adding  alcohol,  to  a  heated  soiutioii  of 

silver  in  nitric  acid,  while  the  solution  is  yet  going  on.    Ck>n-' 

tiderable  effervescence  arises ;  the  liquor  presently  becomes 

turbid ;  and  a  heavy,  white,  crystalline  powder  falls  down. 

This,^  when  washed  and  dried,  is  the  detonating  silver.     Heat} 

a  slight  blow,  or  long  continued  friction,  cause  it  to  inflame 

with  a  brisk  detonation.     Pressure  alone  is  not  sufficient 

unless  very  powerful     It  detonates  by  the  electric  spark,  and 

is  set  on  fire  with  an  explosion  by  concentrated  sulphuric  acid. 

Both  in  the  preparation  of  this  substance,  and  in  experiments 

on  its  detonation,  much  caution  is  necessary ;  and  only  very 

small  quantities  should  be  employed.     This  preparation  was 

originally  discovered  by  Mr.  E.  Howard.     In  repeating  his 

process,  Mr.  Cruickshank  dissolved  40  grains  of  silver  in  two 

ounces  of  strong  nitric  acid,  diluted  with  an  equal  weight  of 

water.     Then   by  heating  the  solution  with  two  ounces  of 

alcohol,  he  obtained  60  grains  of  a   white  powder,  which 

detonated  violently. 

Muriatic  add  does  not  act  on  metallic  silver,  except  by 
long  continued  boiling,  and  then  only  in  a  small  degree.  But 
when  two  small  slips  of  zinc  and  of  silver  are  fastened  toge- 
ther, and  immersed  in  dilute  muriatic  acid,  the  silver,  being 
rendered  negative  by  the  zinc,  acquires  a  coaling  of  chloride 
of  silver. 

A  very  useAd  solvent  of  silver  has  been  discovered  by  Mr. 
Keir  of  Birmingham.  It  is  formed  by  dissolving  one  part  of 
nitre  in  about  eight  or  ten  parts  by  weight  of  concentrated 
sulphuric  acid.  This  compound  (which  may  be  called  7//7ro- 
sulphuric  add)  when  heated  to  between  100^  and  200°  Fnhr., 
dissolves  one-fifth  or  one-sixth  its  weight  of  silver,  with  an 
extrication  of  nitrous  gas ;  and  leaves,  untouched,  any  copper, 
gold,  lead,  or  iron,  with  which  the  silver  may  be  combined. 
Hence  it  is  a  most  useful  agent  in  extracting  silver  from  old 
plated  goods.  The  silver  may  be  recovered  from  the  solution 
by  adding  muriate  of  soda,  which  forms  chloride  of  silver ; 


*  Nicholioa'a  Journal,  iviii.  140. 
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and  this  may  be  decomposed  by  carbonate  of  sodk,  in  the  way 
wbich  has  already  been  described. 

Phosphate  of  silver  is  a  compound  of  some  importance,  from 
its  use  in  preparing  chloric  acid.  To  obtain  it,  crystals  of 
nitrate  of  silver  may  be  dissolved  in  pure  water,  and  a  solution 
of  phosphate  of  soda  be  added.  The  neutrality  of  the  nitrate 
of  silver  is  destroyed,  and  though  the  phosphate  contams  an 
excess  of  alkali,  the  resulting  liquor  is  acid.  The  precipitate 
is  of  a  yellow  colour.  When  washed  and  dried,  it  is  fusible 
at  a  red  heat  without  any  farther  loss  of  weight.  It  consists, 
according  to  Berzelius,*  of 

Phosphoric  acid 1 7025  ....  100. 

Oxide  of  silver 82.975  ....  4'87.S8 


100. 

Hydrocyanic  acid  and  hydrocyanate  of  potassa  decompose 
the  solutions  of  silver,  and  precipitate  a  cyanide  of  that  metal, 
from  which  cyanogen  may  be  separated  by  heat  The  fcrro- 
prussiates  throw  down  a  precipitate  which  is  at  first  white,  but 
by  expobure  to  the  light  becomes  blue. 

Sulphtiret  of  Silver, — Silver  is  acted  on  by  sulphurets  of 
alkalis,  and  by  sulphurcted  hydrogen  gas.  Both  these  sub- 
stances blacken  silver  when  exposed  to  their  operation ;  and 
the  common  tarnishing  of  silver  by  the  atmosphere  has  been 
traced  to  n  similar  cause.  They  precipitate  silver,  also,  from 
all  its  solutions  of  a  black  colour.  Sulphurct  of  silver  has 
been  analyzed  by  Berzelius,  and  found  to  consist  of 

Silver 87.032 100. 

Sulphur 12.968 14.9 

100.  114.9 

Alloys. — Silver  is  capable  of  being  united  with  most  otlier 
metals.  When  alloyed  with  copper,  in  the  proportion  of  0.90 
to  11.10,  it  constitutes  the  standard  silver  of  this  country. 
This  combination,  though  its  colour  differs  but  litde  from  that 
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.misv.  «OLO.  W9 


ef  pofa  ftUYer,  in  tniich  harder,  and  better  adapted  for  the  pur- 
]ioae  -of  eoin,  and  of  <}oine^ic  impWiiiems.  Stiver' of  com- 
Aierce  is  composed  of  37  parts  of  fine  •iWer  to  3  of  ^dpper ; 
bat  tlie  fine  silver,  being  obtained  by  cupellmlon,  contains 
ipald,  "wliieh  is  Icfft  after  solution  by  acids,  eitlier  in  the  form 
^'  (Mirpie  protoxide^  or  black  peroxide. 

The  object  of  cupellation  is  to  oxidise  the  baser  metals  that 
■My  be  mixed  with  silver ;  and  to  netnoTe  the  tMdde  fi4ien 
femaed,  leavini;  the  silver  pure.  To  assist  this,  a  proportion 
of  some  metal  is  added,  which  is  not  only  readily  oxidieable, 
bpt  which  affords  a  fusible  oxide.  Lend  is 'generally  employed 
for  this  purpose.  A  small  shaHow  erncible,  culled  nchpel 
(which  is  best  made  of  the  internal  slough  of  a  bullock's  Iram 
calomod  to  whiteness),  is  hented  to  redness*  finder  a  miMe. 
Upon4his  a  small  button  of  pure  lead  is  first  placed;  and 
iben  the  silver,  laminated,  accurately  weighed,  ami  wrnpt  in 
lend  foil.  The  metals  melt  togetlier,  and  an  nppaamnce 
sailed  Ailgorationy  or  sciniilhition,  ensues.  The  lead  is  gm- 
^BftUy  oxidised,  and  the  oxide  carries  down  the  baaer  metals 
iato  the  onpel,  a  button  of  pure  silver  being  finally  left.  The 
process  requires  a  nice  regulation  of  the  heat,  and  its  success 
depends  greatly  on  the  skill  and  ex|>erience  of  the  operator. 
Id  cooiing  d\e  button,  careialsq  is  oeoossary,  aa  the  accuracy 
ef  <  the  result  is  apt  to  be  destroyed  by  the  apirting  of  the  fluid 
metal  from  beneath  the  congealed  cniat. 
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To:  obtain  gold  in  a  stale  ot*  |)urity,  one  pan  by  weiglil  of 
standand  fpild  may  be  ilisialvetl  in  three  of  nttro^muriatk  aeid 
(MfiqioaDd  of  flsie  part  liy  weight  nitrk,  and  ■  two  nniriatie 
Hiid*);  and  to  exftei  ilie  excess  of  aeiii,  the  solution  may  he 
cTapc»iia^d  to  dryness  talking  care  to  use  a  gentle  heat  at  the 
last.  The  dry  mass  may  l)e  rerdi«sulfed;ii>  water,  and  to  the 
oleiM'  UqtiJd^ <^^4»l«|tian  of  gieen^alpliate  of  ii^on  may  be  addoil. 
The  gold  will  be  precipitated  in  the  state  of  a  fine  po\vder, 

TOL.    II.  K 
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which,  after  being  washed  first  with  diluted  nitric  acidy  and 
then  with  distilled  water,  may  be  either  preserved  for  solution 
ill  powder,  or  fused  into  a  mass. 

The  external  qualities  of  gold  are  the  following : 

It  has  an  orange  or  reddish  yellow  colour;  and  may  be 
made  to  assume  a  degree  of  lustre  inferior  only  to  that  of  steely 
platinum,  silver,  and  mercury. 

Its  specific  gravity  varies  a  little  according  to  the  mechanical 
processes  which  it  has  undergone ;  but  it  may  be  stated,  on 
the  average,  at  19.3. 

It  exceeds  all  other  metals  in  ductility  and  malleabilitjf 
and  may  be  beaten  into  leaves  Tp^^np^th  of  an  inch  in  thick* 
ness. 

It  is  considerably  tenacious ;  for  a  wire  only  .^.^^^dit  of 
an  inch  diameter  will  sustain  a  weight  of  150  lb. 

Gold  may  be  melted  by  a  moderate  red-heat :  viz.  at  about 
32^  degrees  of  Wedgwood's  pyrometer.  The  intense  heat  of 
a  glass-house  furnace  has  no  other  efi*ect  than  to  keep  it  in  fa* 
sion.  And  even  exposure  to  Mr.  Parker's  powerful  burning 
lens,  for  several  hours,  occasioned  no  loss  of  weight.  After 
fusion,  it  crystallizes  in  short  quadrilateral  pyramids. 

Pure  gold  is  not  oxydized  by  exposure  to  heat  with  the  ac* 
cess  of  air ;  but  it  may  be  brought  to  the  state  of  a  purple  oxide 
by  transmitting  through  gold  leaf  or  wire,  either  a  powerfbl 
electrical  or  galvanic  discharge. 

Action  of  Solvents, — Sulphuric,  nitric,  and  muriatic  acid% 
have  separately  no  evident  action  on  gold ;  but  the  last  men- 
tioned acid,  Proust  has  observed,  by  long  boiling  with  finely 
divided  gold,  dissolves  a  small  portion.  Neither  does  any  acid 
of  which  oxygen  is  the  acidifying  principle,  except  concen* 
trated  sulphuric  and  nitric  acids,  dissolve  the  oxides  of  gold,  and 
even  those  acids  do  not  form  permanent  compounds.  Nitric 
acid  dissolves  it  only  when  heated,  and  deposits  it  again  in  the 
state  of  a  hydroxide  on  adding  water.  Sulphuric  acid,  on  the 
other  hand,  dissolves  oxide  of  gold  at  common  temperature^ 
but  decomposes  the  oxide  when  heated  in  contact  with  it 
(Pelletier,  An.  de  Ch.  et  Phys.  xv.) 

Chlorides. — The  proper  solvents  of  gold  are  chlorine  and 
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nitro  miirialic  acid.  Oberkampf'^  prefers  the  former,  because 
a  purer  solution  is  obtained,  and  one  which  can  more  easily 
be  freed  from  an  excess  of  acid.  Gold  le^^f,  introduced 
into  chlorine  gas,  takes  fire  and  burns.  But  if  gold  leaf  be 
suspendeil  in  water,  into  which  chlorine  gas  is  passed,  it  is 
dissolved,  and  the  solution  may  be  concentrated  by  evapora- 
tion. 

To  dissolve  gold  in  nitro-muriatic  acid,  Vauquelinf  re- 
verses the  usual  proportions,  and  mixes  two  parts  by  weight 
of  muriatic  acid  with  one  of  nitric.  Three  parts  of  an  aqua 
regia  so  composed,  are  equivalent,  he  finds,  to  four  made  with, 
the  common  proportions. 

The  solution  of  gold  (in  whatever  way  prepared)  has  an 
orange  yellow  colour ;  but  this,  Oberkampf  finds,  is  owing  to 
an  excess  of  acid,  and  it  passes  to  a  brownish  red,  as  soon  at 
the  redundant  acid  is  neutralized  or  expelled  by  heat  The 
solution  should,  therefore,  be  evaporated  to  dryness,  and  the 
dry  mass  (care  being  taken  not  to  heat  it  too  strongly)  re- 
dissolved  in  water.  Or,  to  avoid  all  risk  of  decomposition, 
the  liquid  may  be  removed  from  the  fire^  when  sufficiently  con- 
centrated to  become  solid  on  cooling.  The  solid  obtained  has 
a  deep  brownish  red  colour,  is  very  fusible,  and  readily  dis- 
solves in  water,  giving  a  reddish  yellow  solution.  The  solu^ 
tion,  Pelletier  believes  to  be  a  real  chloride^  and  not  a  muriate^ 
though  occasionally  it  contains  a  little  free  muriatic  acid.  If^ 
instead  of  removing  the  mass  from  the  fire,  it  be  heated  still 
longer,  chlorine  is  disengaged,  and  a  lemon  yellow  compound 
is  left,  which  is  a  sub-chloride.  By  strongly  urging  the  heat, 
the  whole  chlorine  is  expelled,  and  metallic  gold  only  remains. 

Concentrated  sulphuric  acid,  poured  into  the  solution  of 
chloride  of  gold,  throws  down  an  anhydrmis  chlailde.  If  heat 
be  applied,  chlorine  is  disengaged,  and  a  yellow  sub-chloride 
iSdls ;  or,  if  the  heat  be  continued,  metallic  gold  is  separated. 
Arsenic  and  phosphoric  acids  produce  the  same  effects. 

According  to  Pelletier,  there  are  two  chlorides  of  gold. 


*  80  Ann.  de  Chim.  140.  f  ^7  Ann.  de  Cbira.  d^S. 
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Metal.  CliUtriiie. 
Tlie  proiochlaridej  or  subcbloride  =:  100  -f  14.715 
The  perchioride      (soluble)  =  100  +  44.145 

It  is  in  the  state  of  pcrcfaloride  that  gold  exists  when  dis- 
iolved  by  aqua  regia. 

The  subckloride  of  gold,  on  adding  water  to  it,  is  converted 
into  one-third  metallic  gold,  and  two-thirds  chloride.  Acids^ 
containing  no  water,  do  not  produce  any  change  on  the  subchio* 
ride;  but  dilute  acids  convert  it  into  metaliic  gold  and  chlo* 
ride  of  gold,  the  latter  remaining  in  solution.  Hence,  by 
•cting  with  acids  on  gold  treated  with  aqua  regia,  we  cannot 
obtain  ^alt^  with  base  of  oxide  of  gold,  for  that  product,  being 
a  true  chloride^  contains  no  oxygen.  For  the  same  reason^ 
8Ml[^ate  or  phosphate  of  soda,  added  to  the  solution,  do  not 
ibrp)  sulphate  or  phosphate  of  gold.  When  sulphate  or  nitrate 
of  silver  is  added  to  the  chloride  of  gold,  the  whole  of  the 
sulphuric  or  nitric  acid  remains  in  the  liquor,  and  a  brownisli 
jellow  precipitate  is  formeid,  which  is  a  mixture  of  chloride  of 
sHver  and  Qxi.de  of  gold.  The  latter  is  taken  up  by  muriatic 
acid.  This  precipitate,  if  dried  and  heated  in  a  retort,  yields^ 
oxygen  gas  by  the  decomposition  of  thje  oxide  of  gold. 

when  pure  pqtassn,  not  in  excess,  is  added  to  liquid  chlo- 
ride of  gold  at  common  temperatures,  no  immediate  precipi- 
ta^on  ensues.  Afler  some  time,  however,  or  immediately  if 
hfiSii  be  applied,  a  very  light  bulky  reddish  yellow  precipitate 
appears,  containing  only  five-sixths  of  the  gold  present  in  the 
<»loride.  An  excess  of  alkali  rc-dissolves  much  of  this  pre- 
cipitate; which  is  a  Injdraled  oxide  of'  gold  with  a  little  chlo- 
ricle.  But  if,  instead  of  adding  ipore  alkali^  the  precipitate  be 
well  washed  with  water,  and  dried,  it  shrinks  greatly  in  bulk, 
an/d  a  black  powder  remains,  which  is  not  entirely  soluble  in 
muriatic  acid. 

If  a  considerable  excess  of  potassa  l)e  mixed  with  the  chio* 
ride  of  gold,  the  supernatant  liquid  acquires  a  light  greenish 
yellow ;  and  a  blackish  sediment  is  formed,  in  which  not  more 
than  y,^th  of  the  gold  is  found  that  was  held  in  solution.  The 
remaining  y%ths,  united  with  oxygen,  have  combined  with  the 
potassa,  which  acts  the  part  of  a  base,  while  the  oxide  of  gold 
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metres  as  a  salirymg  |H-indple.  To  this  cdim^Mmiid,  PelteCidf 
Ijhres  the  name  of  aartiie  afpotai^.  Oxide  of  goM  ap|>eaf% 
tberefbre,  adapted  to  airite  with  bases,  rather  than  itself  to  fbrnt 
a  base  for  combination  with  acids,  whh  moKtof  which  h  reiaMii 
lo  unite. 

The  precipitation  of  gold  by  a  due  quantity  of  potn^sa  seemt 
to  be  the  effect  of  a  double  aflhiityf  the  ditcft-ine  poking  to  tiM 
potassium,  and  the  oxygen  of  the  potnssa  to  tlie  gold.  SofM 
chloride  of  gold  remains  undecomposed.  When  excess  of  po* 
tassa  is  used,  the  product  is  a  mixture  of  chtoride  of  potassium 
and  aurate  of  potassa. 

Baryta  produces  similar  effects  on  chloride  of  gold,  but 
seems  to  have  a  stronger  affini^  for  the  oXide. 

When  chlorides  of  potassium,  80diQm,^ol'bdrium>  arebdtt^ 
with  oxide  of  gold,  the  resulting  I'iiqirid  contahn  a  ntifxtu^  of 
asrate  of  alkali,  and  chloride  of  gold. 

Iodide  of  gold  may  be  obtained  by  acting  on  oxide  of  gOht 
with  hydriodic  acid,  or  by  mixing  chloride  of  gold  witlr  hy* 
driodate  of  potassa,  and  washing  and  drying  die  precipitatiL 
It  is  insoluble  in  cold  water,  and  very  sparingly  soluble  in  hot; 
It  is  decomposed  by  heated  nitric  or  sulphuric  acids,  whidi 
reduce  the  gold  and  set  iodine  at  liberty.  Liquid  alkaKs  def^ 
compoae  it  instiintly,  and  it  ia  decomposed  by  atempersMreof 
900^  Fahr.     It  is  constrtuted,  according  to  Pelletier,  of 

Iodine .34   lOO'. 

Gold 66    194.1176 


100 


Oxides  of  Chid. — The  best  process  for  obtainiAg"  oxide  4f 
goldf  according  to  Pelletier,  is  to  precipitate  chloride  of  gotd 
bjf  magnesia*  Muriate  of  magnesia  is  formed,  vihich  may  bw 
removed  by  washing,  and  the  extess  of  magilMia  may  be  di^ 
aolved  by  diluted  nitric  acid.  In  this  case,  the  magnestar  it 
dMbtless  first  converted  into  a  chloride,  and  parts  with'  itt 
oigrgen  to  the  gold.  The  oxide  must  be  dried  at  a  vdfey  lb# 
iseas* 

Th^e  IS  considerable  disagreenfent  arfo  the  cofnpositioir  d# 
die  oxides  of  gbid.    Obttkmtif^  dedfucef/  a<l  af  nfr^W  dF  tlreV 
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experiments,  that  100  parts  of  gold  unite  with  10.01  oxyf^en;  . 
Berzelius  makes  the  proportion  of  the  latter  12.07;  and  Pelle-^ . 
tier,  from  the  composition  of  the  ioilide,  deduces  it  to  be  10.03*.  \ 
This  is  assigned  as  the  composition  of  the  peroxide ;  but  be* ' 
sides  this,  be  supposes  thr.t  there  is  a  protoxide  containing  only 
one-third  of  the  oxygen  wliich  exists  in  the  peroxide.     Ilieir 
composition  may,  therefore,  be  stated,  according  to  IVIIctier^ 
as  follows : 

Metal.    Oxjgeii. 

Protoxide 100  +    S.3495 

Peroxide 100  +  lO.OS 

Fulminaiing  Gold. — A  solution  of  pure  ammonia  separates 
from  the  solution  of  gold  in  nitro-muriatic  acid  an  oxide  of 
gold,  and  a  portion  of  ammonia,  uniting  with  the  oxide,  fornit 
a  compound  which  detonates  very  loudly  in  a  gentle  heat,  aiid 
is  termed  fiilm  if  mi  hfg  gold, 

'  To  obtain  this  compound*  add  a  solution  of  ammonia  io 
water,  or  the  pure  liquid  ammonia,  to  diluted  muriate  of 
gold;  a  precipitate  will  appear,  which  will  l>e  re-dibsolved  if 
too  much  alkali  be  used.  Let  the  ]i(]uor  be  filteretl,  and 
wash  the  sediment^  which  remains  on  the  filter,  with  several 
portions  of  warm  water.  Dry  it  by  exposure  to  the  air,  with- 
out any  artificial  heat,  and  preserve  it  in  a  bottle,  closcil,  not 
with  a  glass  stopper,  but  merely  by  a  cork.  A  small  portion 
of  this  powder,  less  than  a  grain  in  weight,  being  placed  o!i 
the  point  of  a  knife,  and  held  over  a  lamp,  detonates  violently. 
The  precise  temperature  which  is  required  is  n(»t  known,  but 
it  appears  to  exceed  2'>0°  Fahrenheit.  At  the  moment  of  ex- 
plosion, a  transient  flash  is  observed.  The  piinei))al  force  is 
exerteil  downwards ;  and  hence  two  or  three  grains,  exploded 
on  a  pretty  strong  sheet  of  copper,  will  force  a  hole  through 
it.  Neither  electricity,  nor  a  spark  from  the  flint  and  steel, 
arc  sufficient  to  occasion  its  detonation ;  but  the  slightest 
friction  explodes  it,  and  serious  accidents  have  hap|Kneil  from 
tliis  cause. 

This  detonation  is  explained  as  follows:  Fulminating  gold 
is  an  oxide  of  t!mt  metal,  combinal  with  ammonia.  When 
jts  temperature  is  raisi*d,  the  ammonia  is  decomposed ;  the 
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hydrogen  of  the  alkali  unites  with  the  oxygen  of  the  oxide, 
and  reduces  the  gold  to  a  metal h'c  state ;  and  nitrogen  gas, 
and  probably  aqueous  vapour,  are  liberated  iu  a  highly  ex- 
panded state.  The  violent  impulse  of  these  a't'riform  products, 
on  the  surrounding  atmosphere,  appears  to  be  the  cause  of 
the  loud  noise  that  is  occasioned  by  the  explosion  of  this  com- 
pound. A  similar  explanation  may  be  applied  to  other  ful- 
minating compounds  of  metallic  oxides  with  ammonia;  such 
as  those  of  silver  and  mercury. 

Revival  of  Gold  from  its  Solutions. — The  solution  of  chlo- 
ride of  gold  is  decomposed  by  certain  combustible  bodies, 
which  appear  to  act  by  furnishing  hydrogen  to  the  chlorine, 
and  reduce  the  gold  to  a  metallic  form,  as  in  the  following 
examples : 

(a)  Into  a  dilute  solution  ofchlorideof  gold,  containetl  in  a 
glass  jar,  put  a  long  narrow  slip  of  charcoal,  and  expose  the 
whole  to  the  direct  light  of  the  sun.  The  gold  will  be  re- 
vived, and  will  appear  on  the  charcoal  in  a  metallic  state,  ex- 
hibiting a  very  beautiful  appearance.  The  same  change  en- 
sues without  light,  if  the  solution  be  exposed  to  a  temperature 
of212^ 

{b)  Moisten  a  piece  of  white  taiFeta  riband,  with  the  dilute 
solution  of  gold,  and  expose  it  to  a  current  of  hydrogen  gas 
from  iron  filings,  and  dilute  sulphuric  acid.  The  gold  will 
be  reduced,  and  the  riband  will  be  gilt  with  the  metal.  By 
means  of  a  camel's  hair  pencil,  the  gold  may  also  be  so  applied 
as  to  exhibit  regular  figures,  when  reduced. 
•  (c)  The  same  experiment  may  be  repeated,  substituting 
phosphureted  hydrogen  for  common  hydrogen  gas.  The 
reader,  who  wishes  for  a  detail  of  various  experiments  of  a 
similar  kind,  may  consult  an  Essay  on  Combustion,  by  Mrs. 
Fulhame,  published  by  Johnson,  London,  1794  ;  and  also 
Cound  Rumford's  paper,  in  the  Philosophical  Transactions, 
1798,  page  449. 

(d)  Several  of  the  vegetable  acids,  but  paiticularly  the 
oxalic,  decompose  chloride  of  gold  at  common  temperatures, 
especially  if  exposed  to  the  sun's  rays.  The  bin*oxalate  of 
potassa  is  still  more  efficient;  an  effervescence  arises  from  the 
escape  of  carbonic  acid;  and  in  about  an  hour,  all  the  gold  is 
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revived  ( Vnn  Mons).  Turlaric  nckl  does  not  produce  the 
effect,  but  bUtr.rtrnte  of  polassa  occasionfi  n  decoiDpoMtioB^ 
though  less  rapid.  Acetic  acid  may  be  mingled  with  chloride 
of  gold  without  producing  any  change. 

(/'}  Gold  is  piecipitatcd  from  its  solution  in  n  metallic  forB^ 
by  a  solution  of  green  sulphate  of  iron*  Tliis  depends  on  tlie 
affinity  of  the  protoxide  of  iron  for  a  farther  quantity  of  oxygeOy 
which  it  takes  from  the  oxide  of  gold. 

{f)  When  a  sheet  of  pure  tin  is  immersed  in  n  solution  of 
nitro-muriate  of  gold,  the  oxide  of  gold  is  precipitated  of  a 
purple  colour ;  and,  when  scraped  off  and  collected,  forms 
the  purple  poufdtr  of  CasunSf  much  employed  in  enameUin|^ 
Or  the  metallic  suit,  largely  diluted  with  water,  may  be  pyS 
into  a  glass  vessel  with  a  few  pieces  of  grain  tin.  In  a  »bori 
time,  the  liquor  will  become  of  the  colour  of  red  wine,  and  a 
very  light  flocculent  precipitate  will  begin  to  precipitate,  lea^ 
ing  tlic  liquor  clear.  This,  when  well  waslied  and  dried,  baa 
a  deep  purple  colour,  and  is  the  precipitate  of  Cassiu^.  Tba 
same  precipitate  is  obtained  by  mixing  a  solution  of  gold  with 
a  recently  made  solution  of  tin  in  muriatic  acid. 

The  composition  and  colour  of  the  precipitates  of  goldy 
thrown  down  by  muriateof  tinat  the  minimum,  have  been  shown^ 
by  Oberkampf,  to  be  very  variable.  The  colour  approacbea 
more  to  a  violet,  as  the  salt  of  tin  bears  a  larger  proportion  to 
that  of  gold;  and  the  colour  communicated  by  the  precipitt%te 
to  porcelain,  has  the  same  variable  character.  When-  tbe 
muriate  of  gold  is  ia  cxcci^,  the  precipitate  has  more  of  a  roaa 
colour.  A  violet  compound  was-  proved  on  analysis  to  con- 
tain 60  per  cent  of  oxide  of  tin,  and  40  of  metallic  gold ; 
and  one  of  a  fine  purple  consisted  of  20.^  oxide  of  tin  and  7U^ 
gold. 

ig)  Oold  is  precipiUitcd  from  its  solvent  by  ether,  but  tha 
oxide  of  gold  is  instantly  re-dissoivcil  by  the  rtlier,  and  fiNrma 
the  ethereal  solution  of  gold.  This  solution  is  advantageoualy 
applietl  to  the  gilding  of  steel  si'issars,  lancets,  and  other  in- 
struments, which  it  protects  from  rust  with  a  very  small  ea^ 
pemlituro  of  goki. 

Sutpharei  of  Gold. — When  a  current  of  sulphureted.  by- 
drogcn  gas  ift  ]>assed  through  a  solutioa  of  gpid,  a  black-  p»a* 


tale  fiills  down*  lliis  U  a  true  sidphurei  of  gold y  wbieh 
K  up  its  solnhur  on  tl^e  nppiicfitioii  of  heat.  It  is  com* 
cdof 

Oold 80.39    100. 

Sulphur 19.61    24.39 


100.  124.99 

The  sulphurei,  thus  prepared,  is  more  uniform  in  its  conw 
xiUoQ,  Uian  that  Mrliicli  is  precipiUiteil  by  alkaline  hydro* 
ilphuretft;  for  theac  contain  a  variable  proportion  of  sulphur, 
Auch  is  thrown  down  along  with  the  gold. 

The  solphurei  of  gold  is  soluble  in  hydro-sulphuret  of  po- 

KiMi.     Liquid  potassa  takes  up  a  part,  and  leaves  a  yelloir 

fmrder,  which  is  metallic  gold.     The  alkaline  hydro-sulpha^ 

icte  do  not  dissolve  gold,  however  minutely  divided^  till  sul* 

fhaf  is  addcid*  when  probably  a  sulphuret  of  gold  is  formed^ 

«i  which  the  liydro-sulphuret  is  capable  of  acting. 

Pho^phurei.  —  Gold  may  be  combined  with  phosphorusiy 
oiherby  precipitating  its  solution  with  sulphureted  hydrogen^ 
or,  as  Mr.  E.  Davy  discovered^  by  heating  finely  divided  gold 
vith  phosphorus  in  a  tube  deprived  of  air.  It  has  a  grey  ca* 
lour,  and  a  metallic  lustre;  is  decomposed  by  the  heat  of  a 
ipirit  lamp  ;  and  contains  about  14  per  cent,  of  phosphorus. 

Equiualeni  Number Jir  Gold. — There  is  considerable  difficul- 
ty in  fixing  upon  a  number  to  represent  the  weight  of  tlieatom 
of  gold,  on  account  of  the  uncertainty  respecting  the  smallest 
proportions  of  oxygen,  chlorine,  &c.  with  which  it  is  capable 
of  foming  a  chemical  compound;     It  appears  to  me  that  the 
oidy  well-ascertained  oxide  of  gold  is  that  which  contains,  ao- 
csrding  to  Olierkampl^  10.01,  and  to  Berzelius,  12.07  oxygen^ 
OQ  UK)  of  the  metal ;  and  if  this  be  the  only  oxide,  the  aton^ 
of  gold  will  be  represented  either  by  80,  or  by  70y  as  we  take 
the  experimental  result  of  the  former  or  the  latter  chemistw 
The  constitution  of  the  protoxide,  as  stated  by  Pelletier,  would 
raise  the  representative  number  to  240;  that  of  the  iodide 
to  242 ;  and  of  the  proto-chloride  to  244 ;  but  the  existence 
of  an  oxide  and  a  chloride  with  so  small  a  relative  proportion 
of  oxygen  and  of  chlorine,  has  not  yet  been  sufficiently  esta- 
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blished.  The  composition  of  the  oxide,  assigned  by  Bcrzc- 
liusy  is  confirmed  by  Oberkampf's  analysis  of  the  sulphuret, 
viz.  100  metal  and  24.39  sulphur;  for  this  agrees  with  the  re- 
lative atomic  weights  of  oxygen  and  sulphur,  the  latter  of 
which  is  shown,  by  a  variety  of  well-ascertained  facts,  to  be 
double  that  of  the  former.  The  whole  subject  appears,  how- 
ever, to  require  farther  investigation,  before  an  equivalent 
niunber  can  be  obtained  for  gold,  entitled  to  our  full  confi- 
dence. 

The  methods  of  purifying  goW,  by  the  operations  of  «/- 
pelling  and  quarlatioii^  would  lead  into  too  long  details.  They 
are  very  perspicuously  described  by  I-a  Grange,  in  the  44th 
chapter  of  his  Manual;  and  in  Aikin's  Chemical  Dictionary, 
article  Gold.  To  the  latter  work ;  to  Lewis's  Philosophical 
Commerce  of  the  Arts;  and  to  Mr.  Hatchett's  paper,  in  the 
Philosophical  Transactions  for  1803,  I  refer  also  for  much  va- 
luable information  respecting  the  alloys  of  gold  with  other 
metals.  It  may  be  proper,  however,  to  observe  that  gold, 
which  is  too  soft,  in  its  pure  state,  for  many  purpost»s,  has  its 
hardness  greatly  increased*  by  being  melted  or  Jilloycd  v/ith  a 
small  proportion  of  copper.  It  is  a  singular  fact,  that  some 
kinds  of  copper,  which  do  not  themselves  appear  defective  in 
any  respect,  totally  destroy  the  ductility  of  gold.  This  ap- 
pears to  be  owing  to  the  contamination  of  the  copper  with  a 
very  small  quantity  of  lead  and  antimony,  of  either  of  which 
metals  only  about  ■>  ^^  j>th  in  weight  is  sufficient  to  produce  this 
injurious  effect. 

The  degree  of  purity  of  gold  is  expressed  by  the  number  of 
parts  of  that  metal,  contained  in  24  pails  of  any  mixture. 
Thus,  gold,  whicli,  in  24  such  parts  (termed  carats)^  contains 
22  of  the  pure  metal,  is  said  to  be  22  carats  fine.  Absolutely 
pure  gold,  using  the  same  language,  is  24  carats  fine ;  and 
gold  alloyed  with  an  equal  weight  of  another  metal,  12  carats 
fine. 
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SECTION  XXXVI. 

Platinum, 

Platinum,  in  tlie  state  in  which  it  reaches  this  country,  is 
contiiminated  by  the  presence  of  eiglit  or  ten  other  substances ; 
and,  ill  Hict,  is  merely  an  ore  of  platinum.  It  had  been  dis- 
covered in  no  other  places  than  Choco  and  Santa  F^,  in  South 
America,  until  a  few  years  a«^o,  when  Vauquelin  detected  it  in 
some  ♦jrey  silver  ores  from  Estremadura ;  and,  more  lately, 
it  has  been  brought  from  St.  Domingo,  and  from  the  gold 
mines  of  Brazil.  The  general  aspect  of  the  ore  of  platinum  is 
that  of  small  grains  or  scales,  of  a  whiter  colour  than  iron,  and 
extremely  heavy.  Various  processes  have  been  contrived  for 
its  purification  ;*  but  the  one,  which  is  the  most  simple  and 
practicable,  appears  to  me  to  be  that  of  Count  Moussin 
Poushkin,  communicated  by  Mr.  Hatchett  in  the  ninth  volume 
of  Nicholson's  Journal. t  It  is  unnecessary,  however,  to  detail 
these  processes ;  as  the  metal  may  now  be  had,  in  a  pure  state, 
at  a  reason  a  i)le  price. 

Platinum  has  the  following  pi-oj^erties : 

1.  It  is  a  white  metal,  resembling  silver  in  colour,  but 
greatly  exceeding  it,  and  indeed  all  other  metals,  in  specific 
gravity,  which  may  be  stated  at  22  or  23 ;  according  to  Sir 
H.  Davy,  at  21.3;  and,  according  to  Marquis  Ridolfi,  at 
22.63.  It  may  be  drawn  into  wire  about  the  2000th  part  of 
an  inch  in  diameter,  and  beat  into  very  thin  plates. 

2.  It  is  extremely  difficult  of  fusion.  It  may  be  melted, 
however,  by  the  blow-pipe,  with  the  aid  of  oxygen  gas.  A 
globule,  weighing  29  grains,  boiled  violently  in  the  focus  of  a 
Jens  about  three  feet  in  diameter;  J  and  Dr.  Clarke,  by  means 
of  the  blow-pipe  with  compressed  oxygen  and  hydrogen  gases, 


♦  Se«  Aikin's  Dictionary,  article  Platinum. 

\  A  process  for  purifying  platinum,  by  the  intermediation  of  zinc,  is 
deftcribed  hy  De&cotils  in  the  64tli  volume  uf  the  Annates  de  Chimie,  page 
334y  or  37  Phil.  Mag.  65 ;  and  another  by  die  Marquis  of  Uidolfi,  in  Joui^ 
nal  of  Science,  &c.  i.  S59.    See  also  Baruel,  Quarterly  Journal,  xii.  247. 

X  69  Ann.  de  Chimie^  93. 
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has  kept  more  than  200  grains  of  platinum  in  a  boiling  state 
for  some  lime.  * 

3.  Platinum  has  been  discovered  by  Dr.  Wollaston  to  be 
a  remarkably  slow  conductor  of  caloric.  When  equal  pieces 
-of  silver,  copper,  and  platinum,  were  covered  with  wax,  end 
heated  at  one  end,  the  wax  was  melted  3^-  inches  on  thcsilv^; 
2^  on  the  copper ;  and  2  inch  only  on  the  platinum.  Its  eX'» 
pansion  by  heiit  is  considerably  less  than  that  of  steel ;  whidi^ 
between  the  temperatures  of  32^  and  212%  is  expanded  about 
12  parts  in  10,000,  while  the  expansion  of  platinum  is  onlj 
-about  10.  From  trials  made  by  Mr.  Scott  of  Dublin,  it  ap^ 
ptears  to  possess  sufficient  elasticity  to  be  applicable  to  cfaa 
niaking  of  pendulum  springs  for  watches.t 

4.  In  common  with  iron,  platinum  has  the  property  of  M/eU* 
ingf  which  is  peculiar  to  those  two  metak.f  It  may,  also^  be 
united  by  welding,  with  iron  and  steel. 

It  is  not  oxidized  by  the  long-continued  and  concurrent  ae^ 
Xion  of  heat  and  air.  To  obtain  its  oxides,  we  must  have  n» 
oourse  to  a  circuitous  process. 

Berzeliu8§  describes  two  oxides  of  platinum.  The  protox* 
ide  is  precipitated  from  the  chloride  by  an  excess  of  potasaa*. 

Its  colour  is  black,  and  it  consists  of 

Platinum ....  92.35  ....  100. 
Oxygen    ....     7.65  ....       8.287 

100.  108.297 

The  peroxide,  according  to  the  same  chemist,  has  been  ob- 
tained only  in  combination.     It  is  composed  of 

Platinum 85.93    ....  100. 

Oxygen     l*-^7    ....     16.38 

100.  116.38 


•  llior(iton*s  Annnis,  xiv.  230.  f  Kicholson's  Joomal,  xiii.  1 48. 

t  Two  piecos  of  wrought  iron,  raised  to  a  white  heat,  become  ct^ett^ 
'Wilh  a  kind  of  varnish ;  and,  when  broiight  into  contact,  may  be  peiui** 
nently  united  by  ftn^ing.    This  is  called  the  welding  of  iron. 

}  87  Ann.  de  Chim.  p.  \20, 


SBCT.  XXXVI.  PJLWINUJf.  14.1 

Mr.   Copper  obtained,    what  be  cooMcikeB   m   |he  fkVQ-^ 
toxide  of  platinum,  by  pouring  a  perfectly  neulral  protonitrate 
of  mercury  into  a  dilute  solution  of  chloride  pf  platinum  in 
hot  water.    The  precipitate,  a  mixture  of  calomel  pnd  prpr 
toxide  of  platinum,  after  being  careCuUy  wasliei)  aini  d^i^»i. 
was  exposed  to  a  heat  barely  suficient  tp  rg^e  ^  fi^lqqiel 
after  which  there  remained  an  intensely  blacl^  powder.     By 
distillation  Mr.  Cooper  ascertained  that  this  po^d^  is  com- 
posed of  1 00  parts  of  platinum  +  4.5 1 7  oxygen.*     It  ha^  b^en. 
okgected,  however,  both  by  M.  Berzelius  mid  Mr.  £•  Ds^v.y^ 
that  the  temperature  required  to  sublime  calomel  is  sufficient^, 
to  deprive  oxide  of  platinum  of  part  of  its  oxygen ;  afuil^  tbfsf'i^* 
fore,  that  the  true  composition  of  the  protqxicW  ^^npf^  Mf^ 
deteniiiiied  by  Mr.  Cooper's  method. 

We  have  the  testimony,  also,  pf  Vauqueliq,  tl^t  the  pxii^e 
of  platinum,  obtained  from  the  chloride  by  means  of  f»odat  is- 
constituted  of  100  metal  +  15  or  16  oxygen,  (Ann.  de  Ph.  et 
Phys.  v.)  Another  oxide  has  been  described  by  Mr«  £•  Da^y,. 
which  appears  to  be  intermediate  between  the  i)^oxide,|is  Ci^Jte  J 
by  Berzelius  and  Vauquelin,  and  the  protoxide  of  the  former 
diemist.  It  was  formed  by  boiling  together  slrojiig  B^ric  acidic 
and  fulminating  platinum,  drying  the  product,  fmd  b^a^g  i^ 
just  below  redness ;  then  washing  with  wster,  amil,  fiiMlHyt  w\^ 
a  little  potassa.  Its  colour  was  dark  iroii  greyj  ill  n^i^s  npt. 
aflfectcd  by  water,  either  hot  or  cold ;  nor  by  nitr^uii,  sulphu- 
ric, or  phosphoric  acid ;  it  was  insoluble  by  nitrQ-mnrialip 
acid,  and  by  muriatic  acid,  unless  when  licatpd.  ^t  was  sbowi^^ 
by  analysis,  to  contain 

Platinum S9.3GH 100. 

Oxygen 10.6'H 1 1.9 

ICfO. 

The  oxygen,  therefore,  \n  the  three  oxides,  appears  to  be 
nearly  in  the  proportion  of  8,  12,  and  IG,  (o  100  of  the  metaV 
or  of  1,  d,  and  3.  If  the  £ir«t  of  Berzelipi&'s  Q;i^i(tvs  b^  r^Uy 
the  protoxide,  the  equivalent  number  dsducible  for  {datin|in> 

n^ill  be  96.5.     But  the  subject  requires  more  accurala  ii)if^»r 

. — _ — — ■ — .         '  ■  ■   . — 

*  Journal  of  Science^  Ice.  rol.  (ti. 
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tigation>  before  we  can  assign,  with  any  confidence^  the  equi- 
valent number  of  this  metal. 

Chloride. — Platinum  is  not  acted  on  by  any  other  solvents 
than  the  nitro-mnriatic  acid,  and  chlorine.*     The  former  is 
best  adapted  to  effect  this  solution.     Sixteen  parts  of  the  com-  . 
pound  acid  are  to  be  poured  on  one  of  the  pure  laminated  me- 
tal, and  exposed  to  heat  in  a  glass  vessel ;  nitrous  gas  is  dis- 
engaged, and  a  reddish  coloured  solution  is  obtained,  which 
gives  a  brown  stain  to  the  skin.     When  this  solution  is  eva- 
porateds  and  heated  to  whiteness,  chlorine  gas  is  disengaged^ 
and  may  be  collected  in  a  proper  apparatus.     The  dry  com- 
pound, investigated  by  Mr.  E.  Davy,  gave  18.5  per  cent,  of 
chlorine;  but  this  is  considei*ed  by  him  only  as  an  approx- 
imation.    From  the  experiments  of  Vauquelin,  it  seems  pro-  . 
bable  that,  beside  the  chloride,  there  are  also  two  sub-chlorides 
ofplatinum.f     But  the  precise  nature  of  these  compounds  is 
unknown.  , 

The  chloride  of  platinum  may  be  crystallized  by  careful 
evaporation.  The  salt  has  a  very  acrid  taste,  and  is  deliques- 
cent. It  is  decomposed  by  heat,  chlorine  gas  is  evolved,  and 
an  oxide  of  platinum  remains,  which  is  reduced  to  a  metallic 
form  by  ignition. 

-  The  chloride  of  platinum  has  the  characteristic  property  of 
being  precipitated  by  a  solution  of  muriate  of  ammonia;  By 
this  character,  platinum  is  distinguished  from  all  other  metals, 
and  may  be  separated  when  mingled  witi)  them  in  solution. 
The  precipitate,  thus  obtained,  is  decomposed  by  a  strong 
heat,  and  leaves  pure  platinum ;  but  the  process,  to  be  cfiec- 
tual,  should  be  twice  repeated,  for  the  precipitate  first  formed, 
contains  a  small  proportion  of  any  other  metal  that  may  hap- 
pen  to  be  present. 

Chloride  of  platinum  is  not  precipitated  by  ferro-prussiate 
of  potassa,  nor  by  sulphat  of  iron.  If  any  precipitate  ensue^ 
it  b  owing  to  contamination  with  other  metals. 


*  Mr.  F.  Johnson  has  shown  that  platiaam,  by  being  allojed  with  silver 
and  gold,  is  rendered  soluble  in  nitric  acid;  (40  PhiL  Mag.  1.)  and  Mr. 
Cooper  has  established  the  same  fact  respecting  the  alloy  of  platinam  with 
zinc  and  copper.  (3  Joum.  of  Science,  p.  119.) 

f  An.  de  Chim.  et  Phys.  v.  974. 
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It  is  precipitated  of  a  dark  greon  colour  by  the  gallic  acid 
as  present  in  tincture  of  galls.  The  precipitate  becomes  gra- 
dually paler  by  standing.*- 

When  pure  potassa  is  poured  into  the  solution  of  platinum, 
a  precipitate  ensues,  which  is  not  an  oxide  of  platinum,  but  a 
triple  compound  of  that  oxide  with  the  alkali  and  acid,  or  po- 
tassa^mtiriate.  With  soda  also,  it  forms  a  triple  combination, 
or  soda^muriale.  This  is  best  obtained,  by  adding  to  nitric 
acid,  in  a  retort,  platinum,  with  twice  its  weight  of  muriate  of 
soda,  and  applying  heat  till  about  four-fifths  of  the  fluid  have 
come  over.  The  remaining  liquor  forms,  on  cooling,  fine 
prismatic  crystals,  sometimes  four  or  five  inches  long ;  and 
either  reddish-brown,  like  titanium ;  yellow,  like  amber ;  oc. 
erf*  a  beautiful  coquelicot  colour.f 

Chloride  of  platinum  is  decomposed  by  ether,  and  an 
etherized  solution  of  platinum  is  obtained;  which  may  be  i^ 
plied  to  the  same  uses  as  the  similar  solution  of  gold. 

Sulphuret.- — The  chloride  of  platinum  is  decomposed,  also, 
by  salphureted  hydrogen,^:  and  a  black  powder  is  obtained, 
which  becomes  reddish-brown  with  an  excess  of  the  precipi- 
tant, but  re-assumes  its  black  colour,  on  exposure  to  the  air^ 
Its  composition  cannot  be  investigated  easily,  for  the  sulphur 
passes  so  rapidly  to  the  state  of  sulphuric  acid,  as,  during  the 
desiccation  of  the  powder,  to  destroy  the  paper  on  which  it  was 
collected.  Vanquelin  asserts  that  it  is  not  a  simple  sulphuret, 
but  a  kydro-sulphureied  oxide  of  plaiinufn.% 

The  most  delicate  test  of  the  presence  of  platinum  is  muriate 
of  tin.  A  solution  of  platinum,  so  dilute  as  to  be  scarcely  dis* 
tinguishable  from  water,  assumes  a  bright  red  colour,  on  the 
addition  of  a  single  drop  of  the  recent  solution  of  tin. 

The  direct  combination  of  platinum  and  sulphur  was  found 
by  Mr.  E.  Davy  to  give  an  infusible  black  powder,  containing 
about  16  parts  of  sulphur  to  100  metal ;  ||  and  dividing  the 
former  number  by  2,  we  obtain  8  for  the  quantity  of  oxygen  in 
the  protoxide,  which  confirms  the  result  of  Berzelius's  ex- 

*  La  Grange,  ii.  378.  t  Nidiolson*s  Journal,  8vo.  ix.  67. 

t  Benelias.  $  An.  de  Chim.  et  Phjs.  ▼.  863. 

I  See  hu  Memoir  oo  some  of  the  Combiiiations  of  Plattnam,  Phil.  Mag. 
Tol.  al. 
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hsitiiig  te^itt4if -the  triple  muriateof  Mnnenfai 

with  SO  parts  of  sulphur,  or  by  a  simil 

of^Mly  flivided  plaliiiiim,  with  two  «f  Mtpknir.    ^He 

with  Mf.  Davy  jM'ie  the  proportions  of  its  ekmenti.  •  ^ 

Fioai  4he  siilphovet,  ihe  m^fkaie  %f  fkaihrnm  fai  IwatfpMM 
|Hwed  hy  Ihe  actfoa  «f  nflrie  aeick  It  is  soloble  ia  wluvtil 
^rioahd,  ami  ether;  mid  the  fint  MentkNied  soluthws  WJHf^ 
Davjf  finds  to  be  the  best  test  yet  tried  far  diseoeeriiig  |pi 
hdne.  -^ 

Theroetioii  of  ahNdiol-oii  sqlphnte  of -fdatinoni  occosloae^ 
IbsmathHi  ofa  eubstrnice^  which  b  ponessed  of  nty 
pffoperlies.*  Kqail  voluoMsofa  steong  aqosons  sidiitievMilj 
this  sulphate  land  of  alcohol,  hcoted  tci||etiiei^  deposit «  4llMll|i 
powder,  which,  eftev  beipg  well  eduieomltd,  and  dried  •air  ||ij 
vpy  j{entle  iheal,  CKhilMts  the  following  propeitics  s  u  ;ig|i 

It  is  block  und  in  StaaU  kimps,  which  aie  soft  to 
end  easily  reduced  to  an  imiialpaUe  powder.  This 
btastolcssj  and  insoluble  m  water  cither  iiot  or  ecdd. 
gopdy  heatod  on  a  riip  of  |datiniAn,  a  feeble  exfdesien 
places  acoompanifd  with  a  hissing  noise,  and  a  flash  of 
light,  and  tlie  platinum  is  reduced.  Brought  into 
with  ainmoniacal  gas,  it  becomes  i^  hot,  and  scintillatea. 
is  instantly  decoinpcv^eil  by  alcohol,  as  is  8lM>wn  in 
striking  manner  by  moislcniiig  paper,  sand,  cork,  or 
with  that  fluid,  and  placing  the  smallest  particle  of  the 
dcr  on  them.  It  hisses,  and  becomes  red-liot ;  and  Mv.  E» 
Davy,  to  whom  we  owe  iu  disooveiy,  proposes  it  as  an 
oellenC  means  of  kindling  a  match.  It  ap|)cars  to 
96j-  per  cent,  platinum,  whh  nitrous  acid)  a  little  oxygen, 
a  very  minute  proportion  of  carbon.  The  nitrous  acid  fa 
opunted  for,  by  the  peculiar  way  in  which  the  sulphate  \a0 
been  formed. 

PkasphnireL — Phosidioriis  ami  phitinum  may  be  united^* 
either  by  passing  phospliurotiMl  hydrogen  into  a  solotinn  e# 
the  metal;  or,  according  to  Mr.  E.  Davy,  they  combin^dl* 
rectly  iu  exhausted  \viKs  v/\\\i  vivid  ignition.    Ihe  resoUif  • 


Phil.  1  Vans.  18  *0. 


•mcf.  yiCkVI.  .PLATINUM*  245 

bloish  grey  poveder,  infusible,  and  containing  17  per  cent,  of 
phosphorus. 

Platinum  is  acted  upon  by  fusion  with  nitrate  qfpotassa  and 
with  nitrate  of  soda,  and  also  with  pure  fixed  alkalis,  with 
which  its  oxide  seems  to  unite  as  a  base,  forming  what  has 
been  called  a  platinate.  The  latter  property  limits  consider* 
ably  the  utility  of  platinum  as  a  material  for  crucibles. 
.  Fulminating  Platinum. — A  fulminating  compound  of  pla- 
tinum, analogous  in  its  composition  and  properties  to  aurum 
JulminanSf  has  been  prepare<l  by  Mr.  E.  Davy,  by  precipi- 
tating a  solution  of  sulphate  of  platinum  with  a  slight  excess 
of  ))ure  ammonia.*  The  precipitate,  thus  obtained,  was 
washed,  and  dried  sufficiently  to  separate  it  from  the  filter. 
It  was  then  put  into  a  Florence  flask  with  a  solution  of  pure 
potassa,  and  the  fluid  boiled  nearly  to  dryness.  A  quantity 
of  water  was  then  added,  and  the  solid  matter,  after  being  well 
washed,  was  dried  fur  several  days  at  the  temperature  of  212^ 
Fahrenheit. 

The  powder  thus  prepared  has  different  shades  of  colour, 
from  a  light  brown  to  a  dark  chocolate,  and  even  almost 
black.  One  grain,  laid  on  a  thin  sheet  of  copper,  and  heated 
to  400^  or  420^  Fahrenheit,  produces  a  report  louder  than 
that  of  a  pistol,  and  the  copper  is  deeply  indented.  Like  ful- 
minating gold,  it  is  incapable  of  being  exploded  by  percussion. 
It  appears  to  be  a  triple  compoqnd  of  oxide  of  platinum,  am- 
monia, and  water. 

Alloys  of  Platinum. — Platinum  is  capable  of  entering  into 
combination  with  other  metals,  and  of  forming  alloys,  which 
are  not,  in  general,  characterized  by  useful  properties.  Its 
affinity  for  lead  is  strikingly  shown  by  the  following  experi- 
menU  If  a  piece  of  lead  foil,  and  another  of  platinum  foil, 
of  equal  dimensions,  be  rolled  up  together,  and  the  flame  of 
a  candle  be  cautiously  directed  by  a  blow-pipe  towards  the 
edges  of  the  roll,  at  about  a  red  heat,  the  two  metals  will  com- 
bine with  a  sort  of  explosive  force,  scattering  their  melted  par- 
ticles, and  emitting  light  and  heat  in  a  surprising  manner. 

♦  Phil.  Trans.  1817. 
TOL.  II.  L 
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(Ann.  of  Phil.  xiv.  290.)  A  small  bit  of  tin,  sine,  or  anti^  : 
niony,  rolled  in  platina  leaf,  and  treated  in  like  inann«rj  o&«  ; 
hibits  similar  appearances. 

With  potassium  and  sodium,  platinum  affords  brittle  com*  : 
pounds.     In  the  proportion  of  1-1 6th,  it  renders  gold  pale  |  : 
it  amalgamates  with  mercury,  and  diminishes  the  fuaibtUty 
of  the  fu«ible  metals. 

•    The  compound  of  platinum  with  steel  has  ali*eady  been 
described  in  the  16th  section  of  this  chapter. 


SECTION  XXXVII. 

Rhodium  and  Palladium, 

For  the  discovery  of  these  two  metals  we  arc  indebted  iH 
Dr.  Wollaston,  who  separated  them  from  the  ore  of  platinonii 
by  the  following  process. 

'  1.  Rhodium.  When  a  solution  of  the  ore  of  platinum  in 
iiitro-muriatic  acid  has  been  precipitated,  as  far  as  possible^ 
by  muriate  of  ammonia  (see  sect.  36)  it  still  retains  a  conti* 
dcrable  degree  of  colour,  varying  with  the  strength  and  pro- 
portion of  the  acids  that  have  been  employed  in  effecting  the 
Solution.  Beside  iron,  and  a  portion  of  the  ammonia-muriate 
of  platinum,  it  contains,  also,  other  mcUils  in  very  small  pro* 
portion. 

1.  Let  a  cylinder,  or  thin  plate  of  zinc,  or  iron,  be  im- 
mersed in  the  solution.  It  will  separate  all  the  metals  that 
are  present,  in  the  state  of  a  black  powder.  Wash  the  pre* 
ci])ilate  (without  drying  it)  with  very  dilute  nitric  acid,  at- 
sistcd  by  a  gentle  heat,  which  will  dissolve  the  copper  and 
lead.  Digest  the  remainder  in  dilute  nitro-muriatic  acid; 
and  to  the  solution,  when  completed,  add  a  jiortion  of  muriate 
of  soda,  equivalent  in  weight  to  about  one-fiftieth  the  ore  of 
platinum  employed.  Evaporate  by  a  gentle  heat.  The  dry 
mass  contains  the  soda-muriates  of  platinum,  palladium,  and 
rhodium;  the  two  former  of  which  may  be  separated  by  aN 
cohol,  and  the  salt  of  rhodium  will  remain  dissolved.     From 
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this  solution  the  rhodium  may  be  precipitated  by  zinC)  which 
throws  down  a  black  powder,  amounting,  in  weight,  to  four 
grains  from  400  of  the  ore. 

9.  When  exposed  to  heat,  the  powder  continues  black; 
with  borax  it  acquires  a  white  metallic  luttre,  but  appears  in* 
futible  by  any  degree  of  heat.  It  is  rendered  fusible  by  ar« 
senic,  and  also  by  sulphur;  both  of  which  may  be  expelled  by 
a  continued  heat ;  but  the  metallic  button,  thus  obtained*  is 
not  malleable. 

S.  The  specific  gravity  of  rhodium,  as  near  as  it  could  b« 
taken,  was  11. 

4.  By  a  very  intense  heat,  produced  in  a  wind  furnace, 
Messrs.  Stodart  and  Faraday  have  lately  succeeded  in  effect* 
ing  its  fusion. 

5.  Rhodium  unites  readily  with  all  thd  metals  that  have 
been  tried,  excepting  mercury.  It  does  not  discolour  gold, 
when  alloyed  with  it.  Its  alloy  with  steel  has  been  described 
in  section  16. 

6.  When  an  alloy  of  silver  or  gold  with  rhodium  is  digested 
in  nitric  or  nitro-muriatic  acid,  the  rhodium  remains  un- 
touched; but  when  alloyed  with  three  times  its  weight  of  bis- 
muth, copper,  or  lead,  each  of  these  alloys  may  be  dissolved 
completely,  in  a  mixture,  by  measure,  of  two  parts  muriatic 
acid  with  one  of  nitric.  Lead  appears  preferable,  as  it  forms 
by  evaporation  an  insoluble  chloride.  The  chloride  of  rho- 
dium then  exhibits  the  rose  colour,  from  which  the  name  of 
the  metal  has  been  derived.     It  is  soluble  in  alcohol. 

7.  Rhodium  is  not  precipitated  from  its  solution  by  ferro- 
pmssiate  of  potassa,  nor  by  muriate  of  ammonia,  nor  by  hy- 
drosulphuret  of  ammonia.  The  carbonated  alkalis  produce 
no  change ;  but  the  pure  alkalis  precipiUte  a  yellow  oxide, 
soluble  in  all  acids  that  have  been  tried. 

Berzelius  has  described  three  oxides  of  this  metal,  com- 
posed as  follows : 

Metal.  Osjgen. 

Protoxide 100     +       6.71 

Deutoxide 100     +     IS.iS 

Peroxide    100     -f     20.13 

The  existence  of  these  oxides  is  not,  however,  sufficiently 

l2 
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established,  to  enable  us  to  determine  the  equivalent  number 
'of  rhodium. 

II.  Palladium.  1.  The  alcoholic  solution  (I.  1.)  contains 
the  soda-muriates  of  palladium  and  platinum.  The  latter  me- 
tal may  be  precipitated  by  muriate  of  ammonia ;  and  palladium 
may  be  obtained  from  the  remaining  liquid,  by  the  addition  of 
prussiate  of  potassa,  which  occasions  a  sediment,  at  first  of  a 
^eep  orange  colour,  and  changing  afterwards  to  a  dirty  bottle- 
green,  owing,  probably,  to  the  presence  of  iron.  The  pre- 
cipitate is  to  be  ignited,  and  purified  from  iron,  by  cupellation 
with  borax. 

2.  A  more  simple  method*bf  obtaining  palladium  has  since 
been  described  by  Dr.  Wollaston.*  To  a  solution  of  the  offe 
of  platinum  in  nitro-muriatic  acid,  neutralized  by  evaporating 
the  redundant  acid,  or  by  adding  an  alkali,  and  either  before 
or  after  the  separation  of  the  platinum  by  muriate  of  ammonia, 
let  prussiate  of  mercury  be  added.  In  a  short  time  the  liquid 
becomes  yellow,  and  a  flocculent  precipitate  is  gradually 
formed  of  a  pale  yellowish  white  colour,  which  is  the  prussiate 
of  palladium.  This,  on  being  heated,  yields  the  metal  in  a 
.pure  state,  in  the  proportion  of  four-tenths  or  five«tenihs  of 
a  grain  from  every  hundred  grains  of  the  ore. 

3.  Vauquelin  has,  also,  proposed  a  method  of  separating 
rhodium  and  palladium  from  the  ore  of  platinum.  His  pro- 
cess, which  is  less  simple  than  the  second  method  of  Dr.  Wol- 
laston, is  described  at  length  in  the  4th  and  7th  volumes  of 
Dr.  Thomson's  Annals  of  Philosophy. 

On  examining  some  ore  of  platinum,  brought  from  the  gold 
mines  of  Brazil,  Dr.  Wollaston  discovered  in  it  small  fvfug' 
ments  o(  nalive  palladium^  which  appear  to  be  free  from  ad- 
mixture with  every  other  metal,  except  a  very  minute  portion 
of  iridium.  These  fragments  differ  from  the  grains  of  pla« 
tinum.  In  being  formed  of  fibres,  which  are  in  some  degree 
divergent  from  one  extremity.  This  external  character  Dr. 
Wollaston  deems  sufficient  for  distinguishing  the  metal,  in  si- 
tuations where  recourse  cannot  be  had  to  expcriment.f 

Mr.   Cloud,  assay-master  of  the  American  mint,  has,  also. 


•  Phil.  Mig.  xjii.  Sr«,  or  Phil.  Trans.  1805.         f  ^hil.  Traos.  1809. 
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discovered  palladium  in  a  native  alloy  of  gold  with  that  me- 
tal.* The  alloy  contained  no  other  metal,  and  was  perfectly 
free  from  its  common  ingi*edients,  copper  and  silver. 

4.  The  following  are  the  properties  of  palladium. 

(a)  Its  colour  resembles  that  of  platinum,  except  that  it  is 
of  a  duller  white.  It  is  malleable  and  ductile.  Its  specific 
gravity  varies  from  10.972  to  11.482.  Its  power  of  conduct- 
ing caloric  is  nearly  equal  to  that  of  platinum,  which  it  rather 
surpasses  in  expansibility  by  heat. 

{b)  Exposed  in  an  open  vessel,  to  a  greater  degree  of  beat 
than  is  required  to  melt  gold,  no  oxidizement  ensues ;  and  no 
degree  of  fusion  takes  place.  On  increasing  the  fire  con-r 
stderably,  a  melted  button  is  obtained,  and  the  specific  gravity 
is  increased  to  11.871.  The  metal,  in  this  state,  has  a  greyish 
white  colour.  Its  hardness  exceeds  that  of  wrought  iron.  By 
the  file  it  acquires  the  brilliancy  of  platinum ;  and  is  malleable 
to  a  great  degree. 

Berzelius  has  stated  that  100  parts  of  palladium  unite  with 
14.209  parts  of  oxygen.     Hence  the  oxide  consists  of 

Palladium 87-56 

Oxygen 12.44 

100. 

(c)  Palladium  readily  combines  with  sulphur.  The  com- 
pound is  whiter  than  the  separate  metal,  and  is  very  brittle. 
It  has  been  investigated  by  Berzelius,  and  shown  to  be  com- 
posed as  follows : 

Palladium 78.03   100. 

Sulphur 21.97    28.15 

100.  128.15 

Tlie  equivalent  number  for  the  metal,  deducible  both  from 
the  oxide  and  sulphuret,  is  56.2.  We  may,  therefore,  denote 
the  weight  of  its  atom  by  56;  that  of  the  oxide  by  64 ;  and  of 
the  sulphuret  by  72. 

(d)  Palladium  unites  with  potassa  by  fusion,  and  also  with 

soda,  but  less  remarkably.     Ammonia,  allowed  to  stand  over 

■  ■ .  — ■■■■•■       ■  '       "■     ■         .  ■■  ■    ■      11 

•  74  Ann,  de  Chim.  99. 
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it  for  some  days,  acquires  a  bluish  tinge,  and  bolds»  in  solotioiit  u 
a  small  portion  of  oxide  of  palladium.  ^ 

(e)  Sulphuric  acid,  boiled  with  palladium,  acquires  a  beu*  i 
tiful  blae  colour,  and  dissolves  a  portion  of  the  metah    The 
action  of  this  acid,  however,  is  not  powerful ;  and  it  cannot ;: 
be  considered  as  a  fit  solvent  for  palladium.  *  :; 

{/)  Nitric  acid  acts  with  much  greater  energy  on  palla^  ;i 
dium.  It  oxidizes  the  metal  with  somewhat  more  difficidQf  i 
than  it  acts  on  silver ;  and,  by  dissolving  the  oxide,  forms  ft  ( 
very  beautiful  red  solution.  During  this  process  no  nittOM 
gas  is  disengaged.  Nitrous  acid  has  a  more  rapid  action  oto  i 
palladium  than  the  nitric.  From  these  solutions,  potmll : 
throws  down  an  orange  coloured  precipitate,  which  ii  pra*  ; 
bably  a  hydrate. 

{g)  Muriatic  acid,  by  being  boiled  on  palladium,  acts  npon  ] 
it,  and  acquires  a  beautiful  red  colour. 

(A)  But  the  appropriate  solvent  of  palladium  is  nitro-ron* 
riatic  acid,  which  acts  upon  the  metal  with  great  violence^ 
and  yields  a  beautiful  red  solution. 

(t)  From  all  the  solutions  of  palladium  in  acids,  a  pred* 
pitate  may  be  produced  by  alkalis  and  earths.     These  pre- 
cipitates are  mostly  of  a  fine  orange  colour ;  are  partly  dis- 
solved by  some  of  the  alkalis ;  and  that  occasioned  by  am- 
monia, when  thus  re-dissolved,  has  a  greenish  blue  colour. 
Sulphate,  nitrate,  and  muriate  of  potassa,  produce  an  orange 
precipitate  in  the  salts  of  palladium,  as  in  those  of  platinum; 
but  the  precipitates  from  nitrate  of  palladium  have  generally 
a  deeper  shade  of  orange.     All    the   mcUils,    except    gold, 
platinum,  and  silver,  cause  very   copious  precipitates  in  so- 
lutions of  palladium.     Recent  muriate  of  tin  produces  a  dark 
orange  or  brown    precipitate  from  neutralized  salts  of  pal- 
ladium,   and   is  a  very  delicate  test  of  this    metal.     Green 
sulphate  of  iron  precipitates  palladium  in  a  metallic   state; 
and,  if  the  experiment  succeed,  the  precipitate  is  about  equal 
in  weight  to  the  palladium   employed.      Ferro-prussiate  of 
potassa  causes  an  olive-coloured  precipitate.  Tlie  prussiate  of 
palladium,  separated  by  a  neutral  solution    of  prussiate  of 
mercury,  has  the  property,   when  heated  to  about  500°  of 
Fahrenheit,  of  detonating,  with  a  noise  similar  to  that  oc- 
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casioned  by  firing  an  equal  quantity  of  gunpowder.  Hydro* 
sulphurets,  and  water  impregnated  with  sulphureted  hydrogen 
gas,  occasion  a  dark  brown  sediment  from  solutions  of  pal- 
ladium. 

(A)  Palladium  readily  combines  with  other  metals.  It  has 
the  property^  in  common  with  platinum,  of  destroying  the 
oolour  of  gold,  eVen  when  in  a  very  small  proportion < — Thus 
•ne  part  of  platinum,  or  palladium,  fused  with  six  6f  gold,  re-, 
duces  the  colour  of  the  gold  nearly  to  that  of  the  white  metal 
employed. 

Dr.  WoUaston  has  furnished  an  alloy  of  gold  and  palla-* 
diom  for  the  graduation  of  the  magnificent  circular  instru- 
ment, constructed  by  Mr.  Troughton,  for  the  Greenwich  obset-' 
▼atory.  It  has  the  appearance  of  platinum,  and  a  degree 
ef  hardness,  which  peculiarly  fits  it  for  receifing  the  gradua- 
tions. 


SECTION  XXXVIII. 

Iridium  and  Osmium. 

• 

When  the  ore  of  platinum  has  been  submitted  to  the  action 
of  nitro-muriatic  acid,  a  part  remains  undissolved,  in  the 
form  of  a  black  powder,  resembling  plumbago.  In  this  sub- 
stance, the  late  Mr.  Smithson  Tennant  discovered  two  new 
metals.  The  process,  which  he  employed  to  separate  them^ 
was  the  following: 

I*  1.  The  powder  Was  fused  in  a  silver  crucible  with  pure 
soda,  and  the  alkali  then  washed  off  with  water*  It  had  ac*' 
quired  a  deep  orange  or  brownish  yellow  colour,  but  much 
of  the  powder  was  undissolved.  The  residue  was  digested  in 
muriatic  acid,  and  a  dark  blue  solution  obtained,  which 
afterwards  became  of  a  dusky  olive-green ;  and,  finally,  by 
Cdntinuing  the  heat,  of  a  deep  red  colour.  By  the  alternate 
action  of  the  acid  and  alkali,  the  whole  of  the  powder  ap- 
peared capable  of  solution.  ^ 

2.  The  alkaline  solution  contained  the  oxide  of  a  volatile 
metal  not  before  described ;  and  also  a  small  portion  of  another 
metal.     When  the  .solution  was  kept  some  weeks,  the  latter 


easily  dissolved  in  nitro-muriatic  acid;  and  by  diitillatioii 
give  the  oxide  of  osmium  with  its  usual  properties.  It  is  gs« 
pable^  also,  of  being  alloyed  with  steel,  as  has  already  been 
stated  in  section  16. 

S*  The  pure  metallic  osmium,  which  had  been  previoosljr 
heated,  does  not  seem  to  be  acted  upon  by  acids;  at  least  no 
effect  is  produced  by  boiling  it  some  time  in  nitro-raurlatio 
acid.  By  heating  it  in  a  silver  cup  with  alkali,  it  immedii« 
ately  combines  with  the  alkali,  and  this  compound  gives^  with 
water,  a  yellow  solution,  similar  to  that  from  which  it  had 
been  procured.  From  this  solution,  acids  expel  the  oxide  at 
osmium,,  having  its  usual  smell,  and  possessing  the  property 
of  changing  to  a  vivid  blue  the  infusion  of  galls. 

Besides  the  black  powder  from  which  osmium  is  obtained^ 
Dr.  Wollaston  has  discovered  a  separate  ore  of  these  two 
metals,  mixed  with  the  grains  of  crude  platinum.  The  ape* 
dfic  gravity  of  this  ore  is  about  19.5,  and  therefore  cxoeedi 
that  of  crude  platinum  itself,  which  is  only  17.7.  Tlie  gnunt 
are  about  the  size  of  those  of  crude  platinum,  but  are  consi-^ 
derably  harder;  are  not  at  all  malleable;  and  appear  to  ooih 
sist  of  lamhice,  possessing  a  peculiar  lustre. 

The  discovery  of  Mr.  Tennant,  and  the  accuracy  of  his  re- 
sults, if  they  had  required  confirmation,  have  received  it  from 
an  elaborate  investigation  of  Vauqudin,  whose  memoir  is  pub- 
lished  in  the  89lh  volume  of  the  Annnles  dc  Chimie,  and  in 
the  sixth  volume  of  Dr.  Thomson's  Annals.  Other  methods 
of  extracting  the  four  rarer  metals  (palladium,  rhodium, 
iridium,  and  osmium),  from  the  ore  of  platinum,  have  been 
since  described,  also,  by  M.  Baruel.  (See  Quarterly  Journal, 
xii.  21.7.) 

SECTION  XXXIX. 

Nickel. 

.  To  obtain  pure  nickel,  Dr.  Thomson  has  employeil  with 
success  the  following  ])rocess,  the  outline  of  which  was  sug- 
gested to  him  by  Dr.  Wollaston.  Reduce  to  coarse  (>owder 
a  quantity  of  the  brittle  reddi&h  alloy,  known  in  commerce  by 
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the  mune  of  speisSf  vhich  is  chiefly  a  compound  of  arsenip 
and  nickel ;  pour  upon  it  a  quantity  of  dilute  sulphuric  acid } 
place  the  mixture  in  a  Wedgewood's  evaporating  dish,  and 
add,  at  intervals,  the  quantity  of  nitric  acid  requisite  to  enable 
tbe  acid  to  act  upon  the  speiss.     By  this  operation^  a  drep 
gTMa-green  liquid  is  obtained,  while  a  considerable  quantity 
of  afBenioiis   acid  remains  undissolved.    Decant  the  green 
li«|Ojd,  and  evaporate  it  till  it  is  sufficiently  concentrated  t0 
jidd  crystals,  when  it  is  to  be  set  aside  in  a  cool  place.    A 
dqposit  of  beautiful  crystals  of  sulphate  of  nickel  will  be  ob) 
tained.   By  concentrating  the  liquid  still  farther,  more  crystal 
of  sulphate   of  nickel  will  fall ;  but  after  a  certain  time  the 
fiqnidy  though  its  colour  continues  dark  green,  refuses  to  yield 
any  more  crystals  of  the  sulphate.     When  evaporated  still 
frrther  and  set  aside,  a  very  abundant  deposit  is  made  of  ail 
apfde-green  salt,  which  adheres  very  firmly  to  the  evaporating 
fishy  and   which  is  a  double  salt  consisting  of  sulphate  of 
nidL^  and  arseniate  of  nickel.    Dissolve  this  in  water,  and 
peas  a  current  of  sulphureted  hydrogen  gas  through  it,  aA 
long  as  any  precipitate  appears.     Filter  and  evaporate  againj 
when   it  will  still  be  converted  into  an  apple*green  matter. 
When  this  is  dissolved  in  water,  the  liquid  becomes  opake, 
owiDi;  to  the  separation  of  a  quantity  of  arsenious  acid.     Tbe 
liquid,  being  filtered  and  again  evaporated,  yields  crystals  of 
irue  sulphate  of  nickel.     For  greater  security,  the  whole  of 
the  sulphate  of  nickel,  which  has  been  obtained,  may  be  re? 
dissolved  and  crystallized  a  second  time. 

The  pure  sulphate  is  next  to  be  dissolved  in  water,  and  de? 
composed  by  carbonate  of  soda.  The  carbonate  of  nickel^  when 
well  washed  and  dried,  is  a  light  green  coloured  powder.   To 
reduce  the  metal,  this  carbonate  is  to  be  made  up  into  balls 
with  a  little  oil,  which  is  to  be  put  into  a  Hessian  crucible,  and 
surrounded  with  powdered  charcoal.     A  cover  is  to  be  luted 
on  the  crucible,  and  it  is  to  be  exposed,  for  two  hours,  to  tbe 
itrongest  beat  that  can  be  raised  in  a  melting  furnace.     By 
this  process,  Dr.  Thomson  has  always  obtafned  a  buttoB  of 
pure  nickel  in  the  metallic  state.  (Ann.  of  Phil,  xiv.lii.)  !  .« 
Dr.  Clarke,  of  Cambridge^  has  also  shown  that  the  crystals 
of  nitrate  of  nickel^  ^ben  placed  in  a.^tity  scooped  out  of  a 
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piece  of  cliarcoM,  and  exposed  to  the  ouy- hydrogen  blow* 
pipe,  afford  n  Iwad  ©f  metiiliic  nickel.  Tliis,  however,  is  ft 
process  obviously  adapted  to  yield  only  very  minute  c|uainitM^ 
of  nickel.  {Ann.  of  Phil.  xiv.  p.  14.2.) 

Other  processes,  fi»r  obtaining  and  purifying  nickel,  aw 
deiicribed  by  Richtcr  in  the  12tli  volume  of  Nicholson's  Jouri 
nnl ;  by  Robiqucl  in  ihe  69th,  and  by  Tupputi  in  the  78th,  Tft- 
lumes  of  the  Annalcs  de  Chimie,-  and  by  Mr.  Mill  in  ibe 
Annals  of  Philosophy,  N.  S.  iii.  201 .  The  memoir  of  Tupputi 
contains  an  elaborate  investigation  of  the  properties  and  com^ 
binations  of  nickel. 

Pure  nickel  has  the  following  characters: 
Its  colour  is  white,  and  intermediate  between  those  of  silver 
and  tin.  It  admiis  of  being  finely  polished,  and  lins  then  « 
lustre  between  those  of  steel  and  platinum.  When  ignited^ 
its  colour  changes  to  that  of  antique  bronze,  which  is  increased 
every  time  the  melal  is  heated. 

It  is  |>crfectly  malleable,  and  may  be  forged  when  hot  into 
bars,  and  hammered  into  plates  when  cold.  At  54^°  Fahr., 
Tourle  found  its  specific  gravity  8.402,  and,  after  being 
thoroughly  hammered,  8,932.  It  is  ductile,  and  may  be  drawn 
into  very  fine  wire.  It  cannot  easily  be  soldered,  on  account 
of  the  oxide  which  forms  on  its  surface  when  heated.  It* 
power  of  conducting  heat  is  superior  to  that  either  of  copper 
or  zinc.  It  obeys  the  magnet,  anil  is  itself  capable  of  be- 
coming magnetic,  properties  which  are  retained  even  when 
it  is  alloyed  with  a  litde  arsenic,  and,  as  Lampadius  liu 
shown,*  with  other  nietnls.  In  dillicult  fusibility  by  heat,  it 
appears  to  equal  manganese. 

Oxides  of  Nickel. — Nickel  appears  to  be  susceptible  of  two 
different  states  of  oxidation.  By  long  exposin'c  to  a  red 
heat,  with  free  access  of  air,  it  is  converted  into  a  dark  brown 
oxide,  which  is  still  magnetic.  In  oxygen  giis,  it  buriu 
vividly,  and  throws  out  sparks.  When  precipitated  from  ita 
•oKitions  by  alkalis,  and  moderately  ignited,  it  becomes  of  nn 
kih-grey  colour  with  a  slight  tinge  of  blue  or  green,  and  in 
this  tute  coniists,  according  to  Klaproth,  of  lOO  metal  + 


*  Thoio8i.i)'>AnDab,v.et. 
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•51.5  oxygen.  By  farthek*  ignition^  it  becofnes  blackish  grey, 
and  then  consists,  as  stated  by  Richter,  of  100  metal  and  28.2 
oxygen.  Tupputi,  from  100  grains  of  nickel  dissolved  in 
nitric  acid,  precipitated  by  a  fixed  alkali,  and  calcined,  ob- 
tained 127  grains  of  an  ash-grey  powder,  which  is  to  be  con- 
sidered as  the  prolGxidc,     Hence  it  is  composed  of 

Nickel 78.8  ....   100  ....   1  atom  =  29.5  * 

Oxygen 21.2  ....     27  ....  1    do.    =     8. 

100.  37.5 

The  atom  of  protoxide  will  be  represented  then  by  37.5,  or 
in  round  numbers  by  38 ;  and  30  may  be  taken  as  the  equi- 
valent of  the  metal. 

Thenard  describes  also  a  black  peroxide  of  nickel,  obtained 
by  passing  a  current  of  chlorine  gas,  through  water  in  which 
the  hydrate  is  suspended.  Its  precise  composition  is  unknown; 
Imt  it  has  been  stated  by  Kolhoff  to  contain  l-^^  times  as  much 
oxygen  as  the  protoxide,  to  which  he  assigns  27.255  oxygen 
on  100  of  the  metal.  The  peroxide,  therefore,  should  consist 
of  100  nickel  +  40.882  oxygen.  In  a  sufficiently  high  tem- 
perature, these  oxides  arc  reducible  without  addition ;  nor  is 
nickel  more  tarnished  by  a  strong  heat  thnn  gold,  silver,  or 
platinum.  It  ranks,  therefore,  among  the  noble  or  perfect 
metals. 

Salis  of  Nickel. 

Chloride, — Nickel,  when  heated  in  chlorine  gas^  affords  an 
olive  coloured  compound,  which  is  probably  a  hi-^hloride^  con- 
stituted of  SO  nickel  -r  72  chlorine.  The  muriate  of  nickel, 
when  evaporated  and  strongly  heated,  affords  brilliant  yellow 
scales,  which  nre  probably  the  proto-chloridc;  but  the  analysis 
of  these  compounds  has  not  been  particularly  attended  to. 

Iodide  of  nickel  may  be  formed  by  precipitating  any  solution 
of  nickel  with  hydriodate  of  potassa.  It  is  insoluble  and  of  a 
green  colour. 

The  sulphuric  and  muriatic  acids  have  little  action  on 
nickel ;  but  the  former  is  enabled  to  dissolve  it  by  additions  of 
nitric  acid,  made  in  successive  portions  till  the  solution  is 
complete.  Sulphate  of  nickel  is  a  beautiful  green  salt  in 
quadrangular  prisms,  which  are  not  altered  by  exposure  to  the 


atmoqpbere.    It  has  a  sweetiah  and  astringent  taate ;  and  ia 

aoluble  in  three  times  its  weight  of  water   at  60^«     Di^ 

Thomson  (Ann.  of  Phil.  i.  250,)  has  analyzed  this  salt^  wtA 

-a  Tiawto  ascertain  the  equivalent  number  of  nickel,  which  he 

deduces  to  be  3.25  =  26,  oxygen  being  considered  as  8.   The 

sulphate  he  finds  to  consist  of 

Atoms. 

Sulphuric  acid 29.1   =   1 

Protoxide  (per  Thomson) 25.     =   1 

Water 45.9  =  7 


100. 


The  appropriate  solvents  of  nickel  are  the  nitric  and  niirO' 
nuiriatic  acids.  The  nitric  solution  has  a  beautiful  grass- 
green  colour,  and  on  evaporation  affords  rhomboidal  crystals, 
which  have  not  been  precisely  analyzed.  Carbonate  of  potassa 
jthrows  down  an  apple-green  precipitate,  which  assumes  a  dark 
grey  colour  when  heated.  The  fixed  alkalis  occasion  a  bulky 
greenish  white  precipitate,  which  is  a  hydrate  or  hydro-oxide 
of  nickel,  composed  of  76  per  cent,  of  the  protoxide  and  24 
water. 

When  pure  ammonia  is  added  to  nitrate  of  nickel,  a  preci- 
pitate is  formed,  resembling  that  which  is  separated  by  am- 
monia from  a  solution  of  copper,  but  not  of  so  deep  a  hue. 
This  colour  changes,  in  an  hour  or  two,  to  an  amethyst  red, 
and  to  a  violet;  which  colours  are  converted  to  apple-green 
.by  an  acid,  and  again  to  blue  and  violet  by  ammonia.  If  the 
4)recipitate  retain  its  blue  colour,  the  presence  of  copper  is 
indicated.*  This  precipitate,  which  is  a  hydrate,  is  redissolved 
by  an  excess  of  ammonia ;  and  by  this  property  the  oxide  of 
nickel  may  be  separated,  in  analyses,  from  those  of  almost  all 
■other  metals. 

From  the  solutions  of  nickel,  ferro^cyanate  ofpolassa  throws 
down  a  sea-green  precipitate.  According  to  Bergman,  250 
parts  of  this  contain  100  of  metallic  nickel.  This  statement, 
however,  differs  considerably  from  Klaproth'd,  according  to 
whom  100  grains  of  nickel,  after  solution  in  sulphuric  acid, 


*  See  Richter  in  NichoUon's  Journal^  xii. 


f[;ive  a  precipitate  by  prussiate  of  potassai  which,  after  being 
Ignited,  weighs  SOO  grains. 

Tincture  of  galls  produces  no  change  in  solutions  of  nickel. 

Arseniate  of  potassa  precipitates  from  the  nitrate  a  pale 
green  arseniate  of  nickel ;  soluble,  according  to  Berzelius 
(Ann.  de  Chim.  et  Phys.  xvii.  220),  in  pure  ammonia.  From 
tliis  solution,  potassa  throws  down  a  compound  of  oxide  oif 
nickel  with  potassa,  and  the  acid  of  arsenic  remains  united 
with  the  alkali. 

The  solutions  of  nickel  do  not  deposit  the  metal  either  on 
polished  iron  or  zinc*  All  that  takes  place  by  the  action  of 
zinc,  is  the  separation  of  a  mud-coloured  precipitate,  consist- 
ing, for  the  most  part,  of  arsenic  and  iron,  with  which  nickel 
generally  abounds.  Hence  the  green  colour  of  the  solutions 
of  nickel  is  greatly  improved  by  the  action  of  zinc. 

Sulphureis  of  Nickel. — Solutions  of  all  the  salts  of  nickel  are 
decomposed  by  alkaline  hydro-sulphurets,  with  which  they 
form  black  precipitates;  but  sulphureted  hydrogen  has  no 
eflfect  on  them.  Nickel  may,  however,  be  combined  directly 
with  sulphur  by  fusion,  and  forms  a  grey  compound  with  a 
metallic  lustre.  The  proto-sulphuret  contains,  according  to 
Mr.  E.  Davy's  experiments,  34  per  cent,  of  sulphur;  and  the 
bi-sulphuret,  which  may  be  formed  by  heating  the  protoxide 
with  sulphur,  is  stated,  by  the  same  chemist,  to  contain  43.5 
per  cent,  of  sulphur.  In  the  proto-sulphurct,  therefore,  100 
of  metal  are  united  with  51.5  sulphur,  which,  divided  by  2,  is 
not  very  remote  from  the  oxygen  stated  by  Tupputi  as  con- 
stituting protoxide.  The  analysis  of  the  bi-sulphuret,  how- 
ever, is  not  agreeable  to  any  atomic  proportions. 

Carburet. — Nickel  is  susceptible  of  uniting  with  carbon,  and 
is  apt  indeed  to  form  this  union  when  reduced  from  its  salts 
by  carbonaceous  matter.  According  to  Mr.  Ross,  it  forms  a 
substance  resembling  iodine  or  micaceous  iron  ore.  (Ann,  of 
Phil.  N.  S.  ii.  62,  149,  and  iii.  201.) 

Nickel  may  be  alloyed  with  most  of  the  metals,  but  the 
compounds  have  no  particularly  interesting  qualities.  An 
alloy  of  iron  and  nickel  has  been  found  in  all  the  meteoric 


*  See  Klaprotli't  Anal^tictil  Essays,  i.  433. 
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4rtonei  that  have  hitherto  been  analyted,  hcmever  remote  fitM 
each  other  the  parts  of  the  world  in  which  they  have  fiillcBi 
In  tbes%  it  fomui  from  1^  to  17  per  cent,  of  their  weight.  Il 
entersi  also^  into  the  composition  ofthe  large  masses  of  aalm 
iron  disoorerod  in  Siberia  and  in  Sooth  America ;  and  wm 
ioaad  by  Mr.  Brande  to  the  extent  of  8  per  cent,  in  nathf 
iron  brought  from  the  Arctic  regions. 

To  detect^  in  a  general  way,  the  presence  of  nickd  in  ii 
Dr.  Wolhuton  recommends  thai  a  small  qaantity  (which 
not  esoeed  fir  of*  grain)  should  be  filed  from  the  specimcBJj 
dissolved  in  a  drc^  of  nitric  acid ;  and  evaporated  to  di 
A  drop  or  two  of  pure  liquid  ammonia,  added  to  the  dry 
and  gently  warmed,  dissolves  any  nickel  that  may  be 
The  tranqiarent  part  ofthe  fluid  i&  then  to  be  led,  fay  the 
of  a  glass  rod,  to  a  small  distance  from  the  precipitated 
of  iron ;  and  the  addition  of  a  drop  of  triple  pmasiala 
potassa  d^ects  the  presence  of  nickel  by  the  appearanoe 
milky  doud,  which  is  not  discernible  in  the  solution*. 
similar  quantity  of  common  wrought  iron  treated  in  the 
manner.  The  method  of  ascertaining  with  precision  itffli 
quantity  of  nickel  in  its  alloy  witli  iron,  employed  by  the  sansf' 
philosofrfier,  will  be  described  in  the  chapter  on  mincnl 
analysis. 
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CHAPTER  X. 

VEGETABLE   SUBSTANCES. 

Vegetable  stibstances^  though  dittinguisbed  from  each 
other  by  peculiar  characters,  present  several  circumstances  of 
agreement  as  to  chemical  properties.  Oxygen,  hydrogen, 
and  carbon  are  their  principal  ingredients,  to  which  a  certain 
proportion  of  nitrogen  is  sometimes  added ;  and  variations  ia 
the  proportions,  and  mode  of  combination,  of  these  dements^ 
occasion  the  great  diversity,  which  subsists  among  the  pro^ 
ducts  of  the  vegetable  kingdom.  They  are  all  susceptible  of 
decomposition  by  heat  alone ;  but  we  cannot  always,  as  in 
bodies  of  the  mineral  kingdom,  proceed  fi*om  a  Imowledg^ 
of  their  C(»nponents  to  the  actual  formation  of  the  substances 
themselves.  It  is  not  probable,  indeed,  that  we  shall  ever 
attain  the  power  of  imitating  nature  in  these  operations.  For 
in  the  functions  of  a  living  plant,  a  directing  principle  appears 
to  be  concerned,  peculiar  to  animated  bodies,  and  superior  to^ 
and  differing  from,  the  cause  which  has  been  termed  chemical 
affinity. 

The  distinction  (as  has  been  well  observed  by  Beroelius^ 
between  inorganic  and  organic  compounds  appears  to  be  this* 
The  inorganic  are  composed  either  of  combustible  bodies  onlj^ 
or  of  one  or  more  of  those  bodies  in  the  state  of  oxides.  When 
constituted  of  the  latter,  each  combustible  base  is  united  with 
a  portion  of  oxygen,  which  belongs  exclusively  to  it,  and 
which  accompanies  it,  when  it  is  detached  from  combination. 
If,  for  example,  we  resolve  sulphate  of  potassa  into  its  imme- 
diate principles,  the  oxygen,  which  with  the  sulphur  consti- 
tutes sulphuric  acid,  and  that,  which  exists  in  potassa,  remain 
attached  to  the  combustible  bases,  sulphur  and  potassium. 
But  in  organic  compounds  containing  oxygen  as  an.  element, 
we  have  two  or  more  combustible  bases,  united  to  one  por- 
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oxygen,  which  cannot  be  said  to  belong  more  to  I 
one  base,  thfln  to  the  other ;  and  which  would  not  euffiofl 
bring  anyone  of  those  bases  to  its  maximum  of  oxidaticMi. , 

The  productions,  of  whicli  1  am  about  to  offer  the  <| 
mical  historj-,  may  be  regarded  as  llic  immediale  or  proxhH 
prhicipUs  of  vegetables ;  for  we  may  presume,  generally  qM| 
ing,  that  they  exist  in  the  living  plant  in  a  state  identical  «i 
that,  under  which  chemical  processes  exhibit  them.  It  u  i 
so  when  we  proceed  to  the  tiltimate  analysis  of  vegetables  ;  £ 
in  that  case,  we  obtain  com[K)uiid3,  which  formed  no  pait 
the  vegetable  structure,  and  which  result  from  an  entirely  ni 
arrangement  of  ihe  elements  composing  it.  Acetic  and  a 
bonic  acids,  for  example,  arc  obtained  by  ilic  destructivo  4 
tillation  of  several  vegetable  substances,  in  which  neithen 
those  acids  existed  ready  formed,  but  only  tlicir  elements.  •» 

The  destructive  distillation  of  vegetables,  or  the  &ubjoc4l 
thorn  to  the  action  of  heat  in  close  vessels,  with  a  vieir^ 
collect  both  the  condensible  and  ai-'riform  proilucts,  was, 
within  a  few  years  past,  the  only  method  employed  to  dM 
mine  the  proportion  of  iheir  ultimate  elements;  but  morel 
fined  and  (leitecl  modes  of  analysis  were  introduced  by  & 
Lussac  and  Thenard,  which  have  atTorded  results  much  HM 
deserving  of  confidence.*  The  object  of  these  improved  pc 
cesses,  which  are  equally  applicable  to  vegetable  and  aoilfl 
substances,  is  to  convert  the  whole  of  titc carbon  into  carboc 
acid,  and  the  whole  of  the  hydrogen  into  water,  by  meant 
some  compound  containing  oxygen  in  so  loose  a  state  of  imiff 
as  to  give  it  up  to  those  bases  at  the  tenipeinture  of  ignitia 
The  following  illustrations  are  intended  to  explain  iheratitM 
alo  of  the  process. 

Vllimalc  A/iulyus  of  Organic  Siilataiices.  g 

I.    If  wo  have  charcoal  only,  mixed   with  incumbi 
matter,  and  wish  to  determine  its  (]unntily,   all  that  is 
■ary  is  to  expose  a  known  weight  of  the  substance  under 
minution,  in  a  suitt,-  of  jwrfect  mixlure  wiili   a  fit  oxidt^ 
reil  hcnl,  and  to  coili'ci  die  cnibonic  ncid.     From  the  vol 
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r  this  ga%  its  weight  may  be  easily  calculated  (see  vol.  i. 
.Sil.);  and  of  this  weight  six  parts  in  2W  are  pure  carbon. 
2.  Let  Qs  next  suppose  that  we  are  operating  on  a  com« 
Mad  of  charcoal  with  hydrogen.  This,  if  solid,  must  be 
■isKd  with  an  excess  of  the  oxidated  substance  which  is  cm* 
fkyed,  and  the  carbonic  acid  collected  as  before.  Calculat- 
h^bj  the  same  method,  the  quantity  of  charcoal  which  it 
Wttus,  we  obtain  the  weight  of  one  element  of  our  unknown 
wayuiuid ;  and  this,  deducted  from  the  weight  which  was 
iribouUed  to  experiment,  gives  the  weight  of  the  remaining 
Anent,  hydrogen.  To  attain  greater  certainty,  the  water, 
vUdi  is  fiormed,  may  be  actually  collected,  by  a  prc^r  addi- 
isto  the  apparatus,  either  at  the  same  operation  with  the 
orinoic  acid,  or  at  another,  performed  expressly  for  the  pur- 
yne*  Of  this  water,  one  part  in  nine  is  hydrogen.  The 
Apbn^  calculated  from  the  carbonic  acid,  and  the  hydrogen 
M  tile  water,  should  together  make  up  precisely  the  weight 
tf decompound  on  which  we  have  operated. 

1  A  tliird  case  may  be  supposed,  in  which  carbon  and 
Ifin^  are  united  with  oxygen,  but  yet  not  with  enough  to 
Wvert  them  entirely,  at  a  high  temperature,  into  carbonic  acid 
■d  water.  In  this  case,  the  first  steps  of  the  operation  are 
ie  lame  as  before.  But  on  summing  up  the  results,  the 
*^ght  of  the  carbon  and  hydrogen,  discovered  in  the  pro* 
■ct%  will  be  found  to  fall  short  of  the  weight  of  the  substance 
■haitted  to  experiment.  If  no  other  product  has  been 
«nocd,  beside  water  and  carbonic  acid,  the  deficiency  may 
■Hj  be  placed  to  the  account  of  oxygen.  For  example,  if 
^  10  grains  of  a  supposed  compound  of  hydrogen  and 
<!vixMi  we  obtain,  by  ignition  with  an  oxide,  22  grains  of 
^nic  acid  and  9  grains  of  water,  these  are  equivalent  to 
figttins  of  carbon  and  1  of  hydrogeu  :  but  6  +  1  =  7  leave 
ideficicucy  of  3  gi*ains,  which  may  be  inferred  to  be  oxygen. 
ToTerify  this  conclusion,  if  at  all  doubtful,  it  may  be  proper 
toQaaiine  what  quantity  of  oxygen  has  been  lost  by  the 
^  employed  to  effect  decomposition ;  and  if  this  fail  short 
^^a  oxygen  contained  in  the  carbonic  acid,  and  in  the 
*ftter,  then  the  quanti^  rcquked  to  make  up  the  sum,  must 

M  2 
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hat«  pretiouily  etiated  in  the  subject  of  analysis.  For  in- 
stance, in  tha  supposed  cose,  we  find  10  grains  of  oxygen  in 
the  carbonio  acid  and  8  in  the  water  obtained,  together  Si ; 
biit  if  the  oxide  can  be  shown  by  experiment,  to  have  lost 
only  21  grains,  we  may  safely  conclude  that  S  grains  pre* 
existed  in  the  compound. 

4.  In  a  few  vegetable  substances,  and  in  almost  all  animal 
ones,  beside  carbon,  hydrogen,  and  oxygen,  azote  or  nitrogen 
exists  as  a  component,  and  its  quantity  requires  to  be  deter* 
mined.  With  a  proper  attention  to  the  details  of  the  process, 
this  fourth  element  may  be  obtained  in  the  state  of  a  gas, 
which  remains  afler  absorbing  the  carbonic  acid  by  solution 
of  potassa,  and  the  oxygen  (if  any)  by  a  fit  agent*  From  the 
volume  of  the  gas,  its  absolute  weight  may  easily  be  caleulat* 
cd.     (See  vol.  i.  p.  282.) 

Such  is  an  outline  of  the  process  employed  for  the  decotn* 
position  of  vegetable  and  animal  substances,  divested  of  all 
details  for  the  purpose  of  rendering  its  objects  and  results  more 
intelligible.  These  details,  however,  are  of  considerable  im- 
portance in  practice,  and  will,  therefore,  be  presently  stated  at 
length.  It  may  be  proper,  however,  first  to  remark,  that  all  tlie 
analyses  which  have  been  thus  performed,  and  which  are  worthy 
of  confidence,  conspire  to  prove  that  the  elements  of  organized, 
like  those  of  inorganic  matter,  are  united  in  definite  propor* 
tions ;  and  farther,  that  the  law  of  simple  multiples  holds  strictly 
with  respect  to  the  elements  of  organic  bodies.  We  may 
derive,  therefore,  as  has  been  well  observed  by  Dr.  Prout,  the 
most  valuable  assistance  in  our  researches  into  organic  com 
ponnds,  from  the  use  of  Dr.  Wollaston's  scale  of  chemiea 
^uivalents.*  To  fit  it  for  this  purpose,  he  recommends  that  i 
be  extended  a  little,  by  pasting  two  slips  of  drawing  paper  on  i 
edges,  of  such  a  breadth  as  just  to  lup  over  and  cover  the  roa 
gins  containing  the  names  of  the  chemical  substances  generall 
markeil  upon  it,  and  to  coincide  with  the  graduated  edges  of  th 
slide.  On  these  slips  of  paper  are  to  be  marked  the  multipl 
of  an  atom  of  oxygen,  hydrogen,  and  carbon,  from  one  to  ten 
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tod  oT  azote  from  one  to  four  or  five  or  more.  Thus  prepftved, 
it  will  be  easily  applied,  by  all  who  arc  acquainted  with  the 
principle  of  the  instrament)  to  the  purposes  of  facilitating  and 
TeriiyiDg  analysesi  the  results  pf  which  can  only  be  corred 
when  they  agree  with  some  of  the  proportional  numbers^ 
marked  upon  the  scale.  For  example,  an  analysis  showing  48 
parts  of  oxygen,  6  of  hydrogen,  and  S6  of  carbon,  in  a  ireg«-. 
tdt^le  compound,  or  quantities  proportional  to  these,  agreoa 
with  six  atoms  of  each  of  those  elements.  But  such  aa  alteiw 
ation  of  any  of  those  numbers  as  would  indicate  the  fraction 
of  an  atom  (the  reduction  of  the  carbon,  for  instance,  to  84) 
would  be  inconsistent  with  the  law  of  simple  multiples,  and 
would  suggest  the  necessity  of  a  fresh  appeal  to  99Lpmti* 
mtnt. 

The  agent*  first  employed  by  Oay  Lussac  and  Itienard  in 

the  combustion  of  organic  substances,  was  the  chlorAie  t^f 

poiassoj  (vol.  i.  p.  5 IS)  applied  by  means  of  an  ingenious  ap« 

paratua,  which  is  described  in  the  second  volume  of  their 

Recherches  Physico^chhrniqueSf  and  also  in  Mr.  Children's  trans* 

lation  of  Thenard  on  Chemical  Analysis.     For  dilorate  of 

polassa,  Gay  Lussac  afterwards  substituted  the  peroxide  of 

eoppety  which,  being  found  to  afibixl  more  accurate  results,  with 

a  leas  eomplicated  apparatus,  and  fewer  difiiculties  of  miMriptt-* 

lalion,  is  now  generally  preferred,  especially  in  the  analysis  of 

amiroal  compounds.     Peroxide  of  copper  may  be  prepared  for 

tkia  puqiose  by  calcining  on  a  muffle  the  scales  or  filings  of 

thai  metal,  pulverizing  tliem  repeatedly,  and  again  spreading 

Aem  on  the  muffle;  or  by  calcining  the  nitrate  of  copper  at 

a  low  red  heat.     Several  variations  in  the  method  of  proceed-* 

ing  have  been  recommended  by  different  experimenters.    The 

tube,  for  containing  the  mixture  of  the  oxide  and  body  to  be 

analysed,  is  by  some  preferred  of  copper,  by  others  ^  giats ; 

and  the  beat  has  been  applied,  either  by  encompassing  the 

tube  with  burning  charcoal,  or  with  the  flame  of  a  spirit  lamp. 

Glass  tubes  of  about  1-dd  of  an  inch  bore,  or  of  a  diameter 

adapted  to  the  quantity  operated  upon,  seem,  on  the  whole,  to 

be  preferable  to  metallic  ones;  and  the  heat  of  a  vffvfii,  lamp, 

used  in  the  most  iafiproved  mann^,  apptam  to  me  adequate  to 
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efiect  a  complete  decomposition  oF  most  vegetable  and  animal 
compounds. 

If  the  substance  be  a  solid,  from  3  to  5  grains  carefully 
dried,  (which  is  best  done  by  placing  it  in  fine  powder  under 
an  exhausted  receiver  along  with  sulphuric  acid,)*  arc  to  be 
triturated  in  a  glass  or  porphyry  mortar,  first  by  themselves, 
and  then  with  120  to  200  grains  of  tlie  peroxide  of  copper, 
added  by  degrees,  so  that  the  substance  and  the  oxide  may  be 
thoroughly  incorporated.  This  mixture  must  be  transferred, 
with  the  most  scrupulous  care  to  avoid  loss,  into  the  glass 
tabe,  and  a  little  more  of  tlie  protoxide  must  be  triturated  in 
the  mortar,  to  collect  any  remains  of  the  substance  under 
analysis,  and  then  added  to  the  contents  of  the  tube.  Over 
these,  20  or  30  grains  of  the  peroxide  may  be  placed ;  and 
the  remainder  of  the  tube  may  be  filled  with  perfectly  dry 
amianthus.  The  peroxide  should  either  have  been  recently 
cooled  from  a  state  of  ignition,  or,  as  advised  by  Dr.  Ure, 
have  been  suffered  to  imbibe  all  the  moisture  it  is  capable  of 
absorbing  from  the  air,  and  assayed  for  the  quantity,  which, 
in  that  case,  must  be  deducted  from  the  loss  of  weight,  sus- 
tained by  the  peroxide  in  the  experiment.  To  operate  on  a 
fluid.  Dr.  Ure  incloses  it  in  a  small  glass  bulb  capable  of 
holding  three  grains  of  water,  and  having  a  small  pointed 
orifice.  It  is  easy  to  fill  such  a  bulb  by  first  expelling  the  air 
firom  it  by  heat,  and  then  immersing  its  orifice  in  the  liquid. 
The  bulb  thus  filled,  and  carefully  weighed,  is  to  be  placed  at 
the  bottom  of  the  tube,  and  covered  with  the  requisite  quan* 
tity  of  the  peroxide  of  copper.  In  all  cases,  the  tube,  with 
its  contents,  should  be  accurately  weighed,  and  its  weight 
registered. 

For  the  purpose  of  applying  heat  to  the  tube,  and  obtaining 
the  gaseous  products  with  only  a  small  quantity  of  mercury, 
an  usrful  apparatus  has  been  contrived  by  Dr.  Prout.  Of  this 
I  am  induced,  by  having  witnessed  its  successful  application  in 
his  hands,  to  give  the  annexed  sketch. 


*  An  apfmrmtus  for  drying  substances  in  Tacuo,  at  a  temperatare  of  S13 
Fahrenheit,  b  described  by  Dr.  Proat  io  Ann.  of  PhU.  ?i.  872. 
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Two  square  upright  pillars  are  morticed  into  n  square  tray 
(a  a  at  the  bottom  of  the  figure)  about  3-4thsof  an  inch  deep, 
and  are  fixed  at  the  top  by  brass  screws  into  a  flat  shelf  of  wood, 
3  in.  broad  at  each  end,  and  5ia  themiddlc.in  whicli  is  an  oval 
alit  or  hole  4^  inches  long  and  i^  wide>  distant  I  jf- inches  from 
the  right  band  extremity  of  the  shelf.  Below  thii>  is  another 
■hel^  b  h,  which  is  moTeable  by  a  rack  and  pinion  worked  by 
a  small  handle,  as  shown  at/.  Into  a  shallow  cavity  io  this 
shelf  is  fixed  a  cistern  of  copper  covered  with  hard  varnish 
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(cast  iron  would  be  better)  and  having  a  deep  cylindrical 
cavity  or  well  at  d.  This,  to  economize  mercury,  may  occa- 
sionally be  filled  with  a  plug  of  wood  or  cast  iron.  The 
cistern  may  be  of  any  convenient  dimensions,  as  5^  long  by  1^ 
wide,  and  in  its  bottom,  an  opening  is  required  about  5-8ths 
of  an  inch  diameter  for  admitting  the  glass  tube  g  g,  which 
is  secured  in  its  place  by  a  perforated  cork,  and  is  passed 
also  through  the  axis  of  a  brass  spirit  lamp,  which,  as  well 
as  the  wick,  has  a  circular  hole  for  the  purpose.  The  lamp 
is  placed  on  a  small  shelf,  perforated  also,  and  moveable  by 
the  rack  and  pinion.  A  small  mirror  of  tin,  with  the  con- 
cave side  downwards,  is  screwed  to  the  bottom  of  the  cistern, 
to  guard  the  cork  from  being  burned  by  the  heat  of  the 
lamp.  At  i(  is  a  turning  button  with  a  semicircular  notch 
for  securing  in  an  upright  position  the  jar  A,  which  should  be 
capable  of  containing  7  or  8  cubical  inches.* 

The  tube  g  g  being  fixed  in  its  place,  and  the  jar  h  filled 
with  and  inverted  in  mercury,  the  spirit  lamp  is  set  as  high 
as  its  carriage  will  permit,  and  lighted.  The  part  of  the  tube, 
which  is  surrounded  by  the  burning  wick,  soon  becomes  red 
hot,  and  gas  is  evolved.  When  it  ceases  to  issue,  the  lamp 
may  be  gradually  lowered,  so  as  to  heat  successively  the  whole 
of  the  tube,  and  then  moved  upwards  to  the  top.  When  this 
has  been  skilfully  performed,  the  whole  of  the  substance  under 
analysis  will  be  found  to  have  been  decomposed ;  but  to  insure 
accuracy,  its  contents  may  be  taken  out,  triturated  in  a 
mortar,  and  subjected  to  a  repetition  of  the  same  operation. 
The  gases  obtained  must  be  exposed  to  the  action  of  liquid 
potassa,  which  will  absorb  the  carbonic  acid.  In  measuring 
the  residue,  it  will  be  necessary  to  equalize  the  level  of  the 
mercury  within  and  without  the  receiver,  by  immersing  it  ill 
the  well  d.  The  residuary  gas  will  probably  be  nitrogen  only, 
but  it  may  be  assayed  for  oxygen  by  nitrous  gai  as  described 
tol.  i.  p.  308.  The  gases  must  of  course  be  either  measured 
at  a  mean  of  the  barometer  or  thermometer,  or  the  proper 


♦  The  instrnment,  from  which  the  drawing  wai  taken,  wai  made  by  Mr. 
Tvtber^  Qptidaii,  Holhom. 
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made  for  deviatimis  from  these  ttaudardt,  at  well 
it  ior  mqaeouM  Tipour,  by  the  rules  already  given  vol.  L 

To  oollact  the  water,  a  separate  operation  on  another  por* 

lion  of  tba  aobatanoe  is  necessary.    When  this  is  done,  the 

ciatcm  may  be  removed;  and  such  a  condensing 

substituted,  as  will  be  obvious  to  persons  conversant 

with  chemical  processes. 

By  the  apparatus  of  Dr.  Brout,  a  part  only  of  the  tuba 

its  contents  can  be  heated  at  once.    This  is  of  little  oon* 

when  solid  bodies  are  acted  upon ;  bnt  in  the  de* 

CHDposition  of  liquids,  or  of  solids  yielding  liquid  products^ 

it  is  dcairable  to  ignite  a  greater  length  of  the  tube  at  a  timti 

To  cflbct  this,  Mr.  Cooper,  of  Lambeth,  employs  a  lamp; 

toUdi  appears  to  me  very  well  adapted  to  the  purpose^  and 

which  he  permits  me  to  mention.    It  is  of  tin,  in  the  shape 

af  a  paraUdopipedon,  8  inches  long  and  l-^.  square,  with  5 

ial  wick*holders  fixed  at  equal  distances  and  at  a  small  angle 

widi  its  upper  sur&ce,  each  wick-holder  being  half  an  inch 

and  S-8ths  of  an  inch  high.     Of  these  lamps  two  art 

ry,  and  they  are  placed  in  a  small  tin  tray  which  is 

on  four  feet,  and  has  a  longitudinal  slit  in  the  middle 

74  inches  long  and  8-8ths  of  an  inch  wide.     On  thu  tray  die 

hunpa  are  placed  with  their  wicks  opposite  to  each  other ;  and 

die  tabe,  containing  the  mixture  to  be  decomposed,  which  is 

of  green  glass,  seal^  hermetically  at  one  end,  from  10  to  14 

iB^ea  long,  and  about  the  diameter  of  a  small  quill,  is  placed 

horiaontally  over  the  wicks  at  a  suitable  distance,  one  end  of 

the  tube  having  been  first  bent  by  a  lamp  into  such  a  form, 

that  its  open  extremity  can  be  placed  under  a  jar  inverted  in 

nercury.     It  is  easy,  as  Mr.  Cooper  was  so  good  as  to  show 

Bw^  by  lighting  one  or  more  wicks,  and  altering  the  distance 

of  the  flames  from  the  tube,  and  of  the  lamps  from  each 

other,  to  modify  the  application  of  tlie  heat  as  the  circum- 

rtances  of  the  experiment  may  require.    The  alcohol,  to  pi*e» 

veat  its  too  rapid  combustion,  Mr.  Cooper  dilutes  with  water 

to  the  sp.  gr.  of  about  .860. 

It  would  not  be  difficult  to  combine,  in  one  apparatus,  th^ 
idTantages  of  Dr.  Prout's  method  of  iterating  with  lh&ae<a€ 


r  ^  cb«rc*^        .     o^^^^^.     .  fiubstan^^'  ^"-^     .^  enable » 
--,\y*i.  of  ^^^^e  practice  m  J       ^^^^  g«°''  ,,  e^P"^*"*"^ 

^ouVd  »«^!^   .d  be  several  i  «^' J'^  tbe  avet»g^ 

of  *o  ""Sf  r»»»«.  '^  to  *«  '■■*  f^l^  .!««»••  ■* 

aab»ta^ces^  «         ^    ^y^e  it**^  .i.scovered  oj  ^     ,.  ^^  not  to 
^^«  ^r^C  of  co-P-^^i*^  e.tre«.^y^^;„„ber  oC 
rf  Gay  ^^'^^^rence  elO^er  °f  *  ,re  «oU^»    ,^  ^, 

-^^"^  to  be  P'T-^^at  in  ^^"^'^  "^ 
**^,^fot  it  '•  P**^ 
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B  not  ooly  the  number  and  kind  of  the  respective  atoms,  but 
of  their  arrangement^  which  occasions  their  distinctire 
This  view  oF  the  subject  is  confirmed,  when  we 
the  important  changes  in  the  pro))erties  of  vegetable 
and  the  convertibility  of  Uiose,  which  appear  so 
mtuij  allied  into  each  otiier,  by  sKght  causes,  such  as  alter- 
idoiis  of  temperature,  or  weak  chemical  agents,  instances 
of  which  will  be  given  in  the  sequel. 

From  a  review  of  their  experiments  on  tlie  analysis  of 
v^etable  substances,  Gay  Lussac  and  Tbenard  deduced  the 
felkiwing  {general  conclusions : 

L  A  T^etable  substance  is  always  acid,  when  the  oxygen, 
wUdi  it  contains,  is  to  the  hydrogen,  in  a  proportion  greater 
Aam  is  necessary  to  compose  water. 

II.  A  yegetable  substance  is  always  resinous,  or  oily,  or 
alcoholic,  &c.  when  the  oxygen,  contained  in  it,  is  to  the 
hydrof^en,  in  a  less  proportion  than  in  water. 

III.  A  vegetable  substance  is  neither  acid  nor  resinous,  but 
in  a  state  analogous  to  sugar,  gum,  starch,  lignin,  &c.  when- 

oicygen  and  hydrogen  enter  into  its  composition  in  the 

proportions  as  in  water. 

Without  supposing  then,  that  oxygen  and  hydrogen  exist, 

as  water,  in  vegetables,  we  may,  for  the  sake  of  illustration, 

consider  vegetable  acids,  as  constituted  of  cnrbon,  water,  and 

€0XTgen; — the  resins,    alcohol,   ether,   &c.   as   composed  of 

carbon,  water,  and  hydrogen  ;— and  bodies  of  the  third  class, 

as  composed  of  carbon  and  water  only.     It  should  not,  how- 

erer,  be  omitted  that  some  exceptions  to  the  generality  of 

these  principles  have  been  pointed  out  by  Saussure,*  and  by 

Mr.  DanielLf 

The  products  of  the  vegetable  economy  are  either  situated 
in  particular  organs  or  vessels,  or  are  distributed  throughout 
the  whole  plant.  Sometimes  they  reside  in  the  root  or  stalk ; 
at  others  in  the  bark  or  leaves ;  at  others  they  are  pecultar  to 
the  fruit,  the  flowers,  the  seeds,  or  even  to  particular  parts 
of  these  organs.  When  thus  insulated,  they  may  readily  be 
procured  in  a  separate  state ;  and,  in  several  instances,  nothing 


Thomson's  Annals,  vi.  431.  1  Quarwrly  Journ.  vi,  326. 
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mm%  fa  ftquirsd  than  the  bbour  id  colbotbg  llMtti»  Thai 
gam  «9itidet  from  icmm  tntii  and  maiuiA  imam  from  thi 
biriiidici  of  others.  SontUiMiy  however,  we  are  jpnmmmi 
with  ft  iTftrietjr  of  tubManioet  uii^^  toffrhar,  and  icqurfaig 
aefianitlon  by  procewce  whidi  are  suffidendy  linqsie^  mti 
whMi  edntte  in  repote^  fillratioQ,  pretsnre^  wariiiiig«  dirrillii 
tkm  at  ft  ({enda  heat,  aolution  by  water  and  aledioI»  mti 
similar  operations^  that  do  not  alter  the  nature  of  the  bodill 
submitted  to  niem* 

'  The  llumbtf  of  prtnciples,  which  have  thus  been  eststtdadj 
from  y^fetables,  has  of  late  years  been  greedy  6iilai||l49 
and  amonots  at  present  to  upwards  of  forty.  Of  thaiS| 
die  greater  part  are  eertaiQly  entitled,  by  a  train  of  pntk 
perdes  sufBdently  cbarocterisdc,  to  rank  as  diatittet  ooaMi 
pounds%  But  others  seem  to  be  so  nearly  allied  to  anhstanOBS^ 
with  %hidi  we  have  kmg  been  acquainted,  that  it  casi  eanw 
no  useful  purpose  to  ualgti  to  diem  a  diflerent  place  fai  Ihaf 
systiem.  The  nnneeessary  ninldplicadon,  indeed,  of  vegetable' 
prindples  contributes  rather  to  retard  than  to  advanoe  thok 
progrsss  of  this  difficult  part  of  diemistry ;  and  it  ia  only  Ik 
cases  of  decided  and  unequivocal  difierenccs  of  qualides^  thaft 
we  should  proceed  to  the  establishment  of  new  spedes. 


SECTION  I. 

Vegeialle  Extract^  or  Extractive* 

'  The  term  Vegetable  Extract  is  not  to  be  understood  in  the 
tense  which  is  generally  annexed  to  it,  especially  in  pharmacy, 
as  comprehending  all  those  parts  of  vegetables  which  may  be 
dissolved  in  water,  and  obtained  in  a  solid  form  by  evai^orating 
die  solution ;  but  is  now  limited  to  a  distinct  and  peculiar 
substance.  Tliis  substance  may  be  obtained  for  the  exemplt* 
Hcadon  of  its  properties,  by  evaporating,  at  a  temperatufw 
below  212?,  an  infusion  of  saffron,  prepared  with  boiling 
distilled  water.  Extract,  thus  procured,  has  the  following 
properties: 
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1.  It  is  oobttive^  of  a  brownish  oolouf,  and  generally  of  a 
hitternh  taste;  bat  this  Taries  with  the  plant,  from  which  it 
kM  been  obtained. 

S»  It  if  soluble  in  ocrfd  water,  but  more  copioasly  in  hot ; 
ad  the  acdiitioo  is  always  coloured.  Hence  the  decoctions 
of  entain  aofaatanoes  (Peruvian  bark  for  example)  become 
tabid  on  cooling.  Tho  solution,  exposed  for  a  long  time  to 
lbs  air,  acquires  a  mouldy  pellicle,  and  undergoes  a  sort  of 
pstrancticm* 

a.  When  a  soltttion  of  extract  is  slowly  evaporated,  it  afi 
Ms  a  semi-transparent  mass ;  but  rapid  evaporation  renderi 
kporfectly  opaque.  By  repeated  solutions  in  water,  and  eva- 
pvations,  it  acquires  a  deeper  colour,  and  loses  its  property 
if  being  soluble  in  water,  apparently  in  consequence  of  ab« 
nbing  oj^ygen  from  the  air. 

4.  Extract,  exposed  to  the  atmosphere,  slowly  imbibes 
aoistOTe ;  or  is  imperfectly  deliquescent. 

5.  It  is  soluble  in  weak  alcohol  and  in  liquid  alkalis,  but 
lather  in  pure  alcohol,  in  ether,  nor  in  acids,  which  last  even 
pcdpitate  it  from  its  solution  in  water. 

6.  When  concentrated  sulphuric  acid  is  added,  the  odour 
of  vin^ar  is  perceivable. 

7.  Water  impregnated  with  chlorine,  when  poured  into  a 
solution  of  extract,  precipitates  a  dark  yellow  powder,  which 
ii  DO  longer  soluble  in  water,  but  dissolves  in  hot  alcohol. 

8.  Extract  has  an  affinity  for  alumina.  When  the  sulphate 
or  muriate  of  alumina  is  poured  into  one  of  extract,  a  preci- 
pitate appears,  especially  if  the  mixture  be  boiled.  When 
linen  or  woollen  thread,  previously  impregnated  with  a  solu- 
tioQ  of  alum,  with  muriate  of  tin,  or  with  chlorine,  is  boiled 
with  a  solution  of  extract,  the  thread  is  dyed  a  fawn  colour, 
mmI  the  extract  disappears  in  great  part  from  the  liquor. 

9.  Muriate  of  tin,  and  several  other  metallic  Salts,  also  pre« 
dpitate  extract  from  its  watery  solution,  their  oxides  forming 
with  it  insoluble  compounds. 

10.  Extract  is  not  precipitated  by  a  solution  of  tan. 
These  are  the  properties  of  extract,  in  the  purest  form 

Tuider  which  we  have  yet  procured  it    As  commonly  ob- 
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tainedy  however,  it  is  combined  with  one  or  more^  and  fre- 
quently with  a  great  number  of  other  principles.  In  the  sap 
of  plants,  it  exists  along  with  mucilage,  gallic  acid,  tan, 
acetate  of  potassa,  and  other  neutral  salts.  Of  the  substance 
called  caiechuy  it  forms,  according  to  the  experiments  vf  Six 
H.  Davy,  a  considerable  proportion ;  and  not  being  easily 
dissolved  by  cold  water,  may  be  obtained  by  washing  off  tbe 
more  soluble  parts.  The  infusions,  also,  of  most  vegetabia 
substances  which  are  used  in  medicine^  such  as  s>ennu-leavet| 
Peruvian  bark,  &c.  hold  extract  in  solution  united  with  other 
principles. 

From  a  series  of  experiments  on  this  subject.  Dr.  Bostodk 
is  disposed  to  doubt  whether  there  be  any  distinct  principle! 
to  which  the  title  of  extract  or  extractive  can  with  propriety  be 
given ;  and  this  doubt,  for  which  there  appears  to  be  great  rea* 
•on»  is  entertained,  also,  by  Braconnot,  who  finds  that  the  re- 
agents^ pointed  out  as  tests  of  extract,  act  also  upon  taa« 
The  processes,  also,  for  separating  extract  from  the  other 
parts  of  vegetable  infusions,  appear  to  him  to  be  founded 
u)M>n  incorrect  assumptions.*  He  has  not,  however,  exs* 
mined  the  extract  from  saffron ;  t  but  it  has  been  the  subject 
of  a  scries  of  exj^^eriments  by  Bouillon  la  Grange  and  Vogel, 
who,  considering  it  as  a  distinct  principle,  luivc  given  it  the 
name  of  pQlychroite^  on  account  of  tlie  many  dilfercnt  colours 
which  it  is  capable  of  assuming.  Thus  its  natural  colour  is 
yellow;  and  its  aqueous  solution  is  deprived  of  colour  by 
exposure  to  the  sun's  rays.  Sulphuric  acid  dropped  into  the 
aqueous  solution  causes  a  deep  indigo  blue  colour;  nitric  acid 
a  green  one;  and  chlorine  renders  it  colourless. ;{:  It  may, 
however,  be  doubted  whether  these  changes  are  not  produced 
in  some  substance  accompanying  the  extract,  rather  than  iu 
the  extractive  matter  itself;  and  till  this  is  decided,  the  ex* 
tract  of  saffron  may  retain  the  name  which  has  been  heretofore 
assigned  to  it. 


•  Thomsoirs  Annuls,  xii.  34.       \  See  Nicholboii's  Journal,  xxiv.  204. 
X  Ann.  (le  Chiiu.  Ixxx.  1H8. 
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SECTION  IL 

Mucilage,  or  Gum. 

This  substance,  termed  mucilage  when  fluid,  is,  in  a  solid 
ilite,  generally  known  by  the  name  of  gum.  Gum  arabic 
may  be  taken  as  an  example.  It  appears,  however,  from  Dr. 
Boitock's  experiments,  that  there  is  a  considerable  variety  in 
die  chemical  properties  of  different  gums  and  mucilages. 

1.  Gum  is  dry,  brittle,  and  insipid,  and  undergoes  no 
change  by  exposure  to  the  atmosphere,  except  that  the  action 
of  light  destroys  the  yellow  colour,  which  it  frequently  ex* 
lAits.  Its  specific  gravity  varies  from  1.300  to  1.490,  water 
hang  1. 

S.  It  is  readily  soluble  in  water,  and  forms  a  viscid  solution, 
which    may  be  kept  a  long  time  without  undergoing  any 
;  but  finally  becomes  sour,  and  exhales  an  odour  of 
icid. 
S.  It  is  insoluble  in  alcohol  and   in  ether,  the  former  of 
which  precipitates  it  from  water,  in  opake  white  flakes. 

4.  It  is  separated  from  water,  in  a  thick  curdy  form,  by 

sub-acetate  of  lead ;  and  is  thrown  down  by  the  red  sulphate 

of  iron,  in  the  state  of  a  brown  semi-transparent  jelly.   Several 

other  salts,   also,  have  a   similar  effect.     According  to  Dr. 

Thomson's  experiments,  the  salts,  containing  mercury  and 

iron  at  the  maximum  of  oxidation,  are  the  most  efficient  in 

precipitating  gum.      The  oxides  of  copper,  antimony,  and 

bismuth,  are,  also,  acted  upon  by  it ;  for  it  prevents  water 

from  precipitating  them  from  their  solutions  in  acids,  in  the 

state  of  sub-salts.     The  effects  of  re- agents  on  a  solution  of 

gam  have  been  investigated  by  Dr.  Bostock  ;  *  and  have  been 

found  to  vary  considerably  in  the  different  species  of  gum ; 

for  example,  in  gum  arabic,  cherry-tree  gum,  and  linseed 

mucilage. 

Berzelius  has  examined  the  compound  of  gum  arabic  with 
oxide  of  lead,  to  which  he  has  given  the  improper  name  of 
gummale  of  lead.     He  finds  it  to  consist  of 


*  Se«  NicbolflOD*!»  Journal,  xviii.  ?8. 
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Cjuin ■•••••  ••••«•  61*75  ••••••  100« 

Oxide  of  lead 58.25 62.105 


lOO.* 


5.  Gum  is  soluble  in  pure  alkab's,  and  in  lime-water,  and 
is  precipitated  unchanged  by  acids.  Of  the  earths,  silica 
seems  to  have  the  strongest  affinity  for  it;  a  solution  of  sili- 
cated  alkali  decomposing  a  very  dilute  solution  of  gum* 
(lliomson.)  Dr.  Duncan,  jun.,  however,  informs  me,  that 
this  precipitate  is  produced  only  by  solutions  of  the  lighter 
coloured  specimens  of  gum,  which  have  difierent  properties 
from  those  of  darker  colour.  The  precipitation,  when  it  does 
occur.  Dr.  Bostock  suspects  to  take  place,  only  in  consequence 
of  the  lime  which  gum  contains.  Heuce  oxalic  acid^  also^ 
produces  a  precipitate  from  the  solution  of  gum  arable 

6.  Diluted  acids  dissolve  gum  unchanged,  and  the  concen- 
trated ones  decompose  it.  Strong  sulphuric  acid  converts  it 
into  water,  acetous  acid,  and  charcoal;  the  last  of  which 
amounts  to  rather  more  than  one-fourth  the  weight  of  the! 
gum,  and  exhibits  slight  traces  of  artificial  tan.  Nitric  acid 
dissolves  gum  with  a  disengagement  of  nitrous  gas ;  and  the 
solution,  on  cooling,  deposits  a  little  saccholactic  or  mucic 
acid.  The  production  of  mucic  acid  by  the  action  of  nitric 
acid  appears  to  be  the  characteristic  property  of  mucilage  • 
and  Vauquelin  even  obtained  this  acid  from  the  mucilage  of 
linseed.  Some  malic  acid  is  also  formed ;  and  by  continuing 
the  heat,  the  gum  is  changed  by  the  nitric  acid  into  oxalic 
acid,  which  amounts  to  nearly  one-half  the  weight  of  the  gum. 
Chlorine^  transmitted  through  a  solution  of  gum,  changes  it 
into  citric  acid.    (Vauquelin.     Ann.  de  Chim.  vi.  178.) 

7.  Gum  and  sugar  readily  combine;  and,  by  gentle  eva- 
poration of  their  mixed  solutions,  a  transparent  substance  Is 
obtained.  From  this,  alcohol  separates  a  part  of  the  sugar, 
but  the  remainder  continues  in  combination,  and  forms  a  sub- 
stance resembling  that  of  which  the  nests  of  wasps  arc  com- 
posed. 


•  9S  Ann.  de  Cliim.  77, 
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8.  Gam,  wben  submitted  to  destructive  distillation  in  a 
retort,  yields  an  acid,  formerly  called  the  pyro-mucous^  bot 
now  ascertained  to  be  merely  the  acetic,  holding  in  solution 
a  portioo  of  essential  oil,  and  some  ammonia,  which  last  is  dis- 
engaged on  adding  lime.  Carbureted  hydrogen  and  carbonic 
acid  gases  arc  also  evolved;  and  in  the  retort  there  remains 
dharcoal,  mixed  with  lime  and  phosphate  of  lime. 

9.  By  in<nnerating  100  parts  of  gum,  Vauquelin  obtained 
tkree  parts  of  white  ashes,  consisting  chiefly  of  carbonate  of 

bat  containing  also  some  phosphate  of  lime  and  iron. 

ting  the  varieties  of  vegetable  mucilage,  which  ap- 
to  be  pretty  numerous  and  well  marked,  much  valuable 
iafiirination  may  be  obtained  from  tlie  paper  of  Dr.  Bostock, 
wUdi  has  been  already  referred  to.  Cherry-tree  gum,  tra* 
IjKanth,  and  some  other  varieties,  have  been  considered  as 
farmini;  a  dbtinct  vegetable  substance,  to  which  the  name  of 
cersfifs  has  been  given.  It  imbibes  water«  and  swells  very 
considerably  in  bulk,  but  is  not  at  all  soluble  except  in  boiling 
vater,  from  which  it  again  separates  on  cooling  in  the  state  of 
a  jdly.  ^With  nitric  acid  it  yields  abundance  of  roucic,  malic, 
and  oxalic  acids;  and  the  pyromucous  acid  obtained  by  its 
distillation  gives  much  more  ammonia  than  that  from  gum 
arabic.  It  appears  then  to  contain  more  azote,  and  perhaps 
less  oxygen  and  less  carbon  than  gum  arnbic. 

Oam  arabic,  analyzed  by  Gay  Lussac  and  Thenard,  after- 
wards by  Berzelius,  and  recently  by  Dr.  Ure,  has  been  found 
to  consist  of 

Carbon 42.23    ....  4J.906    ....  85.25 

Oxygen 50.84    ....  51.306    ....  58.90 

Hydrogen 6.93    . .  • ,     6.788    ....     5.85 

^^t^mm^^^m^ma^tm  ^imi^^a^^i^^^m^  ^MM^^M^^^^HMI 

100.*  lOO.f  ioo.t 

Sauisure,  in  addition  to  these  three  elements  found  also  a 
Biinoie  quantity  of  nitrogen.  From  gum  arabic  and  gum 
iTsgacanth,  he  obtained 

*  Gay  Lussac  and  Thenard.  t  Berzelius. 

t  Phil  Trans.  18S2,  p.  468. 
VOL.  II.  N 
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Carbon 45.84 

Oxygen 48.26 

Hydrogen  .  •  •  •  • 5M 

Azote 0.44 

100.* 

The  atomic  constitution  of  gum  has  been  investigated  in 
two  different  ways.  On  the  supposition  that  the  gummate  of 
lead  is  composed  of  two  atoms  of  oxide  of  lead  and  one  of  gum, 
which  Dr.  Thomson  thinks  most  probable,  the  atomic  consti- 
tution of  gum  will  be  as  follows : 

Carbon 6*  atoms  • .  •  •  S6   •  •  •  •  40, 

Oxygen 6  ditto    ....  48    ....  53.34 

Hydrogen 6  ditto   ....     6    ....     G.66 

90  100. 

If  the  determination  of  Dr.  Ure,  founded  on  its  ultimate 
analysis,  be  correct,  the  constitution  of  gum  should  be 

Carbon  ••..••  4  atoms  • ...  24    •  •  •  •  35.294 

Oxygen 5  ditto    ....  40    ....  58.823 

Hydrogen  •  •  •  •  4  ditto   •  •  •  •    4   .  •  •  •     5.683 

68  100. 

In  the  first  case,  which  agrees  most  nearly  with  the  results 
of  its  ultimate  analysis  by  Berzelius,  the  weight  of  the  atom 
of  gum  would  be  90;  in  the  second  68.  But  as  Dr.  Ure  ao 
knowledges  that  the  gum,  which  he  submitted  to  experiment, 
had  not  been  artificially  dried,  and,  therefore,  contained  hy- 
grometric  moisture,  it  is  probable  that  the  statement  of  its 
constitution  is  most  correct,  which  is  founded  on  those  ona- 
lyses  that  assign  the  larger  proportion  of  charcoal.  The  ni- 
trogen found  by  Saussure,  not  being  present  in  any  propor- 
tion amounting  to  an  atom,  may  be  regarde<l  as  probably  ac- 
cidental. To  determine  this  point,  however,  the  quantity  of" 
ammonia  should  be  ascertained,  which  passes  over  in  combi* 
nation  with  acetic  acid,  when  gum  is  submitted  to  destructive 


•  Thomson's  Annals,  vi.  431. 
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m ;  and  in  any  fresh  analysis  of  gum,  by  combustion 
with  chlorate  of  potassa  or  peroxide  of  copper,  it  will  be  de- 
anUe  to  examine  the  gaseous  products  with  an  especial  view 
to  the  presence  of  nitrogen. 


SECTION  III. 

Vegetable  JeVy. 

VBaETABLE  jelly  may  be  obtained  from  the  recently  ex- 
pKMed  juices  of  certain  fruits,  such  as  the  currant  and  goose* 
Hcrrj.  When  the  expressed  juice  of  these  fruits  is  gently 
cfi|K>ratecl,  and  then  allowed  to  remain,  for  some  time,  in  a 
of  re6t»  it  partly  coagulates  into  a  tremulous  soft  sub* 
Trell  known  by  the  name  of  jelly.  The  coagulum, 
with  a  very  small  quantity  of  water,  is  jelly  nearly  in  a 
of  purity.     • 

V^etable  jelly,  unless  wh^i  tinged  by  the  fruit  from  which 
it  has  been  obtained,  is  nearly  colourless ;  has  a  pleasant  taste^ 
a  tremulous  consistency.  It  is  soluble  in  cold  water ;  but 
copiously  in  hot,  and  the  solution,  if  strong  enough, 
again  gelatinates  on  cooling.  By  long  boiling  it  loses  this 
last  property,  and  is  changed  into  a  substance  analogous  to 
■odiage ;  hence  the  necessity,  in  preparing  jelly  from  currants 
and  other  fruits,  of  not  continuing  the  boiling  too  long,  for 
tUs  renders  it  viscid,  and  prevents  it  from  coagulating.  When 
dried,  jelly  is  transparent.  It  combines  readily  with  alkalis. 
Nitric  acid  converts  it  into  oxalic  acid,  without  disengaging 
any  axotic  gas.  Its  solution  in  water  is  precipitated  by  infu- 
son  of  galls. 

It  is  not  improbable  that  jelly  is  nothing  more  than  gum 
eonbined  with  vegetable  acid ;  for  when  the  coagulated  jelly 
flf  acid  fruits  is  placed  on  a  sieve,  an  acid  liquid  passes  through, 
leaving  a  tremulous  mass,  which  dries  into  a  hard  transparent 
snbstance,  resembling  gum,  and  having  most  of  its  properties. 
The  ultimate  analysis  of  jelly  has  not  been  attempted. 


N   2 
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SECTION  IV. 

Sugar  and  Oxalic  Acid. 
Art.  1. — Sugar. 

Almost  all  the  sugar,  which  is  applied  to  the  common  par* 
poses  of  life,  is  derived  from  a  plant,  tlie  growth  of  hot  cli- 
mates, called  Arundo  Saccharifera.  This  plant  produces 
strong  canes,  inclosing  a  soft  pithy  substance,  which  yield,  by 
the  compression  of  powerful  machinery,  a  large  proportion  of 
sweet  juice.  The  juice  is  evaporated  in  copper  vessels,  with 
the  addition  of  a  small  quantity  of  slaked  lime,  the  use  of 
which  appears  to  consist  in  its  neutralizing  a  quantity  of  un- 
combined  acid,  that  would  be  unfavourable  to  the  crystalliza- 
tion of  the  sugar.  A  minute  portion  of  lime  remains  in  raw 
sugar,  and,  according  to  Mr.  Daniell,  causes  it  to  assume  the 
clamminess  and  soft  feel  which  characterize  what  is  called 
weak  sugar.  It  appears  desirable,  therefore,  to  avoid  using 
an  excess  of  lime.  During  the  evaporation  of  the  cane  juice, 
a  thick  scum  is  formed,  which  is  continually  removed.  The 
juice  passes  successively  from  larger  to  smaller  boilers,  till  at 
length,  in  the  last  of  these,  it  becomes  thick  and  tenacious. 
"When  this  happens,  it  is  emptied  into  shallow  wooden  coolers, 
where  the  syrup  forms  a  mass  of  small  irregular  crystals,  en- 
veloped in  a  treacly  fluid.  The  whole  mass  is  drained  in  hogs- 
heads, in  the  bottoms  of  which  holes  are  bored.  The  fluid, 
which  separates,  is  called  melasses  or  treacle ;  and  the  dried 
crystals  are  exported  to  this  country  under  the  name  of  raw 
ov  muscovado  sugar.  A  gallon  of  juice  yields  on  an  average 
about  a  pound  of  raw  sugar. 

The  subsequent  process  which  sugar  undergoes,  with  the 
view  of  bringing  it  to  the  white  and  beautiful  form  of  refined 
or  loaf-sugar,  consists  in  its  being  re-dissolved  in  lime-water, 
and  in  being  boiled  with  a  quantity  of  some  coagulable  sub- 
stance, such  as  the  whites  of  eggs  or  bullocks'  blood.  The 
proportions  used  are  generally  one  part  of  fluid  to  three  of 
sugar,  and  of  this  solution  about  fifty  gallons,  called  a  skifh 
pif^9  are  put  into  a  copper  pan  capable  of  holding  about  nine 
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times  that  quantity.  The  pan,  therefore,  being  covered  only 
a  few  inches  from  the  bottom,  is  in  little  danger  of  boiling 
over;  and  the  higher  the  temperature,  within  certain  limits^ 
the  less  is  the  risk  of  this  accident,  because  the  highly  expan- 
siTe  steam  bursts  the  bubbles  as  soon  as  formed.  A  solution 
of  this  kind  boils  rapidly  at  2S0^  Fahr. ;  and  from  this  to 
S40^  is  the  due  temperature.  If  a  solution  of  sugar  be  farther 
coneentrated  by  the  evaporation  of  the  water,  the  thermome- 
ler  rises  to  340^.  The  sugar  then  begins  to  turn  black,  and  at 
S70i^  it  takes  fire  on  applying  flame  to  its  vapour,  and  burns 
strongly,  leaving  a  residuum  of  charcoal. 

The  digrifying  substances,  added  to  the  heated  syrup,  coagu- 
labe  into  a  thick  scum,  which  rises  to  the  surface,  carrying 
akN^  with  it  the  principal  part  of  the  impurities  of  the  sugar. 
After  bmng  evaporated  to  a  due  consistence,  the  syrup  is  let 
into  large  conical  earthen  pots,  with  a  hole  at  the  apex  of 
oone^  and  each  supported  by  an  earthen  jar.  When  the 
q^mp  has  concreted  into  a  solid  mass,  the  plug  is  removed 
bom  the  point  of  the  cone,  to  allow  the  adhering  liquid  to 
drun  off;  and  a  mixture  of  pipe-clay  and  water  is  poured 
oo  the  surface  of  the  mould,  and  suffered  to  continue  there 
fbor  or  five  days.  The  moisture  from  this,  slowly  descending 
through  the  sugar,  carries  with  it  the  remains  of  the  darker 
ook>ured  syrup;  and  the  whole  loaf,  after  beuig  dried  in  a 
stove,  is  obtained  of  the  proper  degree  of  whiteness. 

Besides  the  juice  of  the  cane,  sugar  may  be  extracted,  also, 
from  several  other  vegetables.  The  juice,  which  flows  sponta- 
neously from  incisions  made  in  the  American  maple-tree,  af- 
fi)rds  a  quantity  sufficient  to  render  the  process  worth  follow* 
ing.  Uipe  fruits  contain  sugar  in  considerable  quantity,  and 
by  long  keeping  after  they  have  been  dried,  it  appears,  in  a 
granular  state,  on  their  surface.  The  juice  of  the  potatoe,  the 
carrot,  and  still  more  remarkably  of  the  beet,  {beta  vulgaris^ 
linn.)  yield  a  considerable  proportion  of  sugar.  To  obtain  it 
from  the  latter  vegetable,  the  roots,  softened  in  water,  are  to 
be  sliced,  and  the  juice  expressed.  It  is  then  to  be  boiled 
down  with  the  addition  of  a  little  lime  till  about  two  thirds  re- 
main,  and  afterwards  strained.  These  boilings  and  strainings 
are  repeated  alternately,  till  the  liquid  attains  the  consistence 
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of  syrup,  when  it  is  left  to  cooL  The  sugar  thus  extracted, 
retains  somewhat  of  the  taste  of  the  root;  but  it  may  be  puri- 
fied by  the  operation  already  described  as  used  for  the  re- 
fining of  West  India  sugar,  and  it  then  loses  its  peculiar  fla- 
vour. The  quantity  obtained  varies  considerably;  but  in 
general  it  may  be  stated  at  between  four  and  five  pounds  from 
100  pounds  of  the  beet  root,  beside  a  proportion  of  uncrystal- 
iizable  syrup.  In  Germany,  the  expence  has  been  calculated 
at  about  three  pence  per  pound;  but  this  estimate  is  probably 
under-rated.* 

From  the  experiments  of  Proust,t  it  appears  that  a  coarse 
sugar  may  be  procured  from  grapes  (of  which  many  thousand 
tons  are  annually  wasted  in  Spain),  at  the  expence  of  about 
eight  pence  per  pound ;  or,  under  favourable  circumstances, 
even  for  five  |)ence.  In  apples  and  pears,  in  the  juice  of  li- 
quorice, and  in  some  other  vegetable  juices,  sugar  exists,  but 
in  a  state  of  combination,  which  lenders  it  essentially  liquid, 
and  prevents  it  from  assuming  a  crystallized  form.  The  sugar 
of  grapes  is  not  so  white  as  cane  sugar,  but  crystallizes  more 
easily.  Grape  sugar  has  been  analysed  by  Saussure,  and  found 
to  contain  very  nearly  the  same  proportions  of  ingredients  as 
starch  sugar,  stated  under  the  article  ^c'cz^/a.j:  These  two 
kinds  of  sugar  agree,  indeed,  so  closely  as  to  their  properties, 
that  they  probably  constitute  one  species.  Sugar  from  the 
cane  and  from  beet  differs  from  these,  and  from  all  other 
kinds  of  sugar,  by  containing  a  greater  proportion  of  carbon.§ 

Sugar  is  produced  also  in  the  process  of  making,  which 
consists  in  the  conversion  of  starch  into  sugar,  and  starch,  it 
will  afterwards  appear,  may  be  converted  into  sugar  by  tlie 
action  of  sulphuric  acid. 

Beside  pure  sugar,  there  are  other  saccharine  substances, 
tliat  bear  a  considerable  resemblance  to  it.  Manna  is  the 
inspissated  juice  which  flows  spontaneously  from  incisions  in 
the  bark  of  a  species  of  ash  {the  fraxhui^s  ornus).  Sugar  has 
been  discovered,  also,  by  Fourcroy  and  Vauquelin,  to  enter 


•  See  Chaptal  on  the  manufacture  of  sugar  in  France,  Phil.Mag.xlvii.SSl. 
t  Nicholson's  Jouroal^  xxi.  856.  J  See  Sect.  ix.  infra. 

§  Tliomson*s  Annals,  vi.  488. 
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largely  into  the  composition  of  the  juice  obtained  by  pressure 
from  the  onion.  Besides  sugar,  the  juice  of  onions  appears, 
also,  Co  contain  a  portion  of  mucilage  and  extract,  to  which  its 
taste  and  other  peculiar  properties  are  owing. 

The  same  may  perhaps  be  said  of  honey.  When  treated 
with  nitric  acid  it  was  found,  however,  by  Mr.  Cruickshank, 
to  give  very  little  less  oxalic  acid,  than  was  obtained  from  an 
equal  weight  of  pure  sugar.  Proust  has  considered  honey 
itself  as  of  two  distinct  species.  Common  yellow  honey  is  of 
an  uniform  consistence  and  viscid  ;  but,  besides  this,  there  is 
a  granulated  white  kind,  which  has  a  tendency  to  become 
solid.  From  the  latter  he  obtained  by  alcohol  a  white  saccha* 
rine  powder,  which  he  considers  as  agreeing  more  nearly  witli 
the  sugar  of  the  grape  than  with  common  sugar. 

The  following  are  the  properties  of  sugar  : 

1.  Sugar  is  perfectly  white,  and  when  crystallized  somewhat 
transparent.  It  is  hard  and  brittle.  When  two  pieces  are  rub- 
bed strongly  against  each  other  in  the  dark,  a  visible  phos- 
phoresccnce  takes  place.  Its  specific  gravity,  according  to 
Hassenfratz,  is  1 .4045,  according  to  Thomson  1 .5639,  but  it 
is  probably  variable. 

'  ^.  Pure  sugar  undergoes  no  change  by  exposure  to  the  air, 
except  that  from  a  damp  atmosphere  it  attracts  a  little  moisture. 
Raw  sugar,  as  it  well  known,  is  extremely  deliquescent. 

8.  Sugar  is  soluble  in  an  equal  weight  of  cold  water,  and 
almost  to  an  unlimited  amount  in  hot  water.  The  latter  solu- 
tion affords  a  liquid  called  syrup  j  from  which,  by  long  repose 
in  a  stove  or  warm  room,  transparent  crystals  of  sugar  sepa* 
rate,  called  candied  sugar.  Their  form  is  that  of  prisms  with 
four  or  six  sides,  bevelled  at  each  extremity,  or  sometimes  ac- 
caminated  by  three  planes.  They  are  composed,  according 
to  Berzelius,  of 

Sugar 100. 

Water 5.6 


105.6 
4.  Alcohol  dissolves,  when  heated,*  about  one  fourth  its 
weight  of  sugar.     The  solution,  by  keeping,  deposits  large 
crystals  of  sugar. 
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5.  Lime-water  renders  sugar  more  soluble;  and,  redpio-  ji 
cally^  sugar  increases  the  solubility  of  lime.  The  liquid  com-  .; 
pound  of  sugar  and  lime  is  still  sweet,  but  mixed  with  some  ^ 
astringency.  Alcohol  precipitates  white  flakes,  which  appear  ; 
to  be  com|x>sed  of  sugar  and  lime. 

Alkalis  unite  with  sugar,  and  destroy  its  taste.  It  may  be  ^ 
recovered,  however,  unchanged,  by  adding  sulphuric  acidy  ^ 
and  precipitating  the  alkaline  sulphate  by  alcohol,  which  ra*  ^i 
tains  the  sugar  in  solution.  Sugar  unites,  also,  with  the  alka*  , 
line  earths ;  and  is  acted  on  by  baryta  so  strongly,  that  it  ap*  ^ 
pears  to  undergo  a  kind  of  decomposition,  and  the  baryta  is  . 
immediately  carbonated.  Stroutia  acts  in  much  the  same 
manner  as  lime. 

6.  Sulphuric  and  muriatic  acids  act  when  concentrated  upon    : 
sugar  ;  charcoal  is  separated ;  much  of  the  sugar  destroyed ;    : 
and  what  remains  is  rendered  incapable  of  crystallizing.     Ni- 
tric acid  converts  it,  as  will  presently  appear,  into  oxalic  acid ; 
and  chlorine  changes  it  into  malic  acid.     Oxalic,  acetic,  and 
tiu*taric  acid,  prevent  it  from  forming  good  crystals. 

7.  Sugar  has  the  property  of  rendering  oils  miscible  with 
water. 

8.  The  sulphurets,  hydro-sulphurets,  and  phosphurets,  ap« 
pear  to  have  the  property  of  converting  sugar  into  a  substance 
not  unlike  gum."*^ 

9.  Sugar  has  the  property  of  decomposing  several  of  the 
metallic  salts,  when  boiled  with  their  solutions.  Sometimes 
it  reduces  the  oxide  to  a  metallic  state,  as  in  sulphate  of  cop- 
per. In  other  instances,  as  in  the  acetate  of  the  same  metal, 
it  merely  reduces  the  oxide  to  an  inferior  degree  of  oxida- 
tion.f  With  oxide  of  lead,  it  forms  an  insoluble  compound, 
called,  in^properly,  by  lierzelius  sacc/iaraic  of  lead^^  which 
consists  of 

Sugar    41.71' 

Oxide  of  lead    58.26 


J  00. 


*  Thoiusoii'jj  Cheroisirv,  iv.  214. 

t  N'ogel  ill  Thomson's  Annuls,  vii.  4?.  J   05  Ann.  dc  Cliiin.  63. 
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10.  Sugar  is  converted,  by  destructive  distillation,  into 
water,  acetic  acid,  carbureted  hydrogen,  carbonic  acid  gas, 
and  charcoal ;  and  a  little  oil,  with  a  large  proportion  of 
pyromucous  acid,  amounting  to  more  than  half  the  weight  of 
the  sugar,  are  also  formed.  No  ammonia  can  be  detected  in 
the  liquid  products.  According  to  Lavoisier,  sugar  is  com- 
|)osed  of  64  oxygen,  28  carbon,  and  8  hydrogen  :  Gay  Lussac^ 
Thenard,  and  Berzelius,  have  analyzed  it  by  combustion  with 
chlorate  of  potassa,  and  Dr.  Prout  and  Dr.  Ure  by  distilla- 
tion with  oxide  of  copper.  The  following  are  the  results  of 
its  analysis  by  different  chemists: 

Carbon 42.47  . .  44.200  . .  89.99  . .  43.38 

Oxygen 50.63  . .  49.015  . .  53.33  . .  50.33 

Hydrogen 6.90  . .    6.785  . .    6.66  . .    6.29 


100.*         lOO.f         lOO.t         100.§ 


Or  of  carbon  ....  42.47 
Oxygen  and  hy--^ 

drogen,    in   the  ! 

^57  53 
same  proportion  ' 

as  in  water 


rtion  r 
•  •  •  .-^ 


100.* 

On  comparing  the  results  of  the  analysis  of  sugar  by  dif- 
ferent persons,  the  principal  deviation  appears  to  exist  in  those 
of  Dr.  Prout,  which  indicate  less  charcoal  and  more  oxygen 
than  the  rest.  If  reduced  to  atomic  proportions,  his  experi- 
ments (respecting  which  some  details  arc  given  in  the  Annals 
of  Philosophy,  N.  S.  iv.)  point  out  the  following  as  the  com- 
position of  sugar : 

Charcoal  ....  5  atoms  ....  30    •  • .  •  40.00 

Oxygen 5   ditto    • ...  40    • .  • .  53.34 

Hydrogen  ...  5    ditto    . .  •  •     5    •  • .  •     6.66 

IS  100. 


*  Gajf  Lussac.  f  Berzelius.  I  Prout.  §  Ure. 
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The  atomic  proportions,  approaching  most  nearly  to  the 
other  results,  are 

Charcoal  • .  •  •  6  atoms  •  •  •  •  36    •  •  •  •  44.44 

Oxygen 5  ditto    ....  40    •  • . .  49.38 

Hydrogen  ...  5  ditto    • .  •  •     5    •  • .  •     6.18 

81  100, 

If  deduced  from  the  compound  of  sugar  with  oxide  of  lead, 
on  the  supposition  that  this  compound  consists  of  an  atom  of 
each  ingredient^  the  constitution  of  sugar  will  agree  precisely 
with  the  latter  statement,  a  coincidence  which  strengthens  the 
probability  that  it  consists  of  6  atoms  of  charcoal,  5  of  oxygen, 
and  5  of  hydrogen,  and  that  81  is  its  true  representative  num- 
ber. 

Art.  2. — Oxalic  Acid. 

Sugar  is  acidified  by  distillation  with  nitric  acid.  To  six 
ounces  of  nitric  acid,  of  sp.  gr.  from  1.46  to  1.5,  contained  in 
a  stoppered  retort,  to  which  a  large  receiver  is  luted,  add,  by 
degrees,  one  ounce  of  refined  sugar,  coarsely  powdered.  A 
gentle  heat  may  be  applied  during  the  solution.  Nitrous  gas 
will  be  disengaged  in  great  abundance.  When  the  whole  of 
the  sugar  is  dissolved,  distil  off  a  part  of  the  acid.  The  re- 
maining liquor,  which  has  a  syrupy  consistence,  poured  into  a 
shallow  glass  or  porcelain  vessel,  will  form,  after  cooling  and 
sufficient  repose,  regular  crystals,  amounting  to  58  parts  from 
100  of  sugar.  These  must  be  again  dissolved  in  water  and 
rcrcrystallized ;  and  then  laid  on  blotting  paper  to  dry. 

Oxalic  acid  may  be  produced,  also,  by  a  similar  treatment 
of  gum,  and  of  various  other  vegetables,  and  even  of  several 
animal  products,  such  as  silk,  wool,  &c. 

The  crystals  of  oxalic  acid  have  the  following  characters : 

1.  They  have  the  form  of  four-sided  prisms,  whose  sides  are 
alternately  larger,  terminated  at  their  extremities  by  dihedral 
summits.  As  ordinarily  found  in  the  shops,  however,  the  size 
of  the  crystal  is  too  small  to  be  distinctly  determined. 

2.  Ttiey  have  a  strong  acid  taste,  and  act  powerfully  on 
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▼cgctable  blue  coloiira.    One  grain,  dissolved  in  8600  graini 
of  water,  reddens  the  colour  of  litmus  paper. 

3,  They  dissolve  in  twice  their  weight  of  water  at  65°,  af- 
Sordmg  a  liquid  of  specific  gravity  1 .0593,  and  in  an  equal 
weight  of  hot  water.  They  are  soluble,  also,  in  boiling  alcohol, 
which  takes  up  half  its  weight;  and,  though  sparingly,  in 
edier. 

4.  Oxalic  acid  is  a  most  virulent  poison,  and  has  frequently 
proved  fatal,  when  taken  by  mistake  for  Epsom  salt.  From 
that  salt,  however^  it  may  readily  be  distinguished,  though  not 
from  other  acids,  by  carefully  tastmg  it  in  the  smallest  quan- 
tity sufficient  for  the  purpose,  when  its  sourness  will  be  dis- 
tinctly perceived.  Or,  without  tasting  it,  if  a  few  drops  of 
water  be  placed  on  a  slip  of  the  dark  blue  paper  which  is  com- 
monly wrapped  roimd  sugar  loaves,  and  a  small  quantity  of 
any  substance  suspected  to  be  oxalic  acid  be  added,  that  acid 

*  will  be  discovered  by  its  changing  the  colour  of  the  paper  to  a 
reddish  brown.  The  solution  also  of  a  small  quantity  of 
oxalic  acid  in  a  tea-spoonful  of  water,  will  effervesce  witli  a 
IHde  scraped  chalk  or  common  whitcing;  but  neither  of  these 
eflects  is  produced  by  Epsom  salt. 

5.  The  crystals  of  oxalic  acid  effloresce  in  the  air,  and 
become  covered  with  a  white  powder. 

6.  A  red  heat  entirely  decomposes  them,  and  leaves  only 
charcoal.  During  distillation,  a  considerable  quantity  of  in* 
flammable  gas  is  obtained ;  and  a  portion  of  the  acid  is  suli- 
limed,  unaltared,  into  the  neck  of  the  retort. 

7.  They  slowly  absorb  chlorine^  and  are  converted  into  a 
white  substance  having  a  saline  appearance,  which,  when  wa- 
ter is  added,  is  changed  into  muriatic  and  carbonic  acids. 
(Ann.  de  Ch.  et  Ph.  xix.  84.) 

8.  Oxalic  acid  is  decomposed  both  by  the  oxides  and  chlo- 
ride of  gold,  and  in  the  former  case  with  a  disengagement  of 
carbonic  acid.     (Ann.  de  Ch.  et  Ph.  xv.  125.) 

9.  The  crystals  of  oxalic  acid,  when  exposed  to  heat,  swell 
and  abandon  a  considerable  quantity  of  water.  Not  more 
than  28  parts  of  water,  however,  can  be  thus  detached  from 
100  of  the  crystals,  without  decomposing  the  acid.  But  by 
combining  the  acid  with  oxide  of  lead,  Berzelius  found  that 
the  whole  of  its  water  might  then  be  expelled  by  heat,  and 
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ocyndttckd  that  the  crystals  consist  of  58  real  add,  and  M 
water,  ^)proaching  nearly  to  1  atom  of  acid  and  8  of  water. 
Dr.  Thomson,  from  his  recent  experiments  (Ann.  of  Phil. 
N.S.  ii.  186),  is  led  to  consider  them  as  composed  of  equal. 
weights  of  water  and  anhydrous  acid,  or  of 

1  atom  of  acid 36 

4  atoms  of  water 36 

72 

Hie  analysis  of  oxalic  acid  by  combustion  with  chlorate  of 
potassa  was  performed  by  Gay  Lussac  and  Thenardf  *  and 
with  peroxide  of  copper  by  Berzeliusf  and  Dr.  Ure.t  Tha 
following  table  exhibits  their  different  results ;  those  of  Gaj 
Lossac  and  Thenard  being  corrected  in  the  second  column  to 
exclude  the  water,  which  appears  to  have  entered  into  dw. 
oxalate  of  lime  employed  in  dieir  experiment,  in  such  propo^* 
tioii  as  to  have  been  equal  to  one-fiflh  of  its  acid  ingredieDt. 

Carbon ^6.566   ....  33.217    ....  38.222   ..«.  3S3S. 

Oxygen  .  •  •  •  70.689   ....  66.290   ....  66.534   ....  68jW 
Hydrogen   ..     2.745    ....    0.493   ....    0.244 

100.$  100.11  100.**  lOO.+t 

The  quantity  of  hydrogen  in  oxalic  acid,  deprived  of  water 
by  combination  with  oxide  of  lead,  is  so  extremely  small,  as 
not  to  amount  to  any  atomic  proportion.  Dobcreiner,  indeed^ 
appears  to  have  been  the  first  to  suggest,  about  the  year  1815, 
that  hydrogen  is  not  n\\  element  of  anhydrous  oxalic  acid, 
but  that  it  is  constituted  of  carbon  and  oxygen  only ;  and  he 
has  added  fresh  evidence  in  favour  of  this  view  of  its  nature^ 
in  a  short  paper  published  in  the  Ann.  de  Chim.  et  de  Phys. 
xix.  83.  From  the  results  of  its  analysis,  considered  in  con* 
nection  with  the  proportions  in  which  it  combines  with  bases, 
it  appears  extremely  probable  that  oxalic  acid  consists  of 


*  Ilecherches^  vol.  ii. 

t  81  Ann.  He  Cli.,  aiid  Thomsou*s  Annals,  iv.  Q32,  v.  97,  and  ix.  33. 
J  Phil.  Trani.  18«2.  §  Gay  Lussac  and  Thenard. 

II  Ditto,  corrected.  ••  Bereelius,  Ann.  of  Phil.  t.  99. 

tf  Vn,  Phil.  Tram.  18SS,  480. 
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Carbon 2  atoms  ....  12   .•••  33.34 

Oxygen 3  ditto   • .  •  •  24    .  • .  •  66.66 

36  100. 

Or  it  may  be  regarded  as  constituted  of 

Carbonic  acid •  •  •  •  1  atom  =  22 

Carbonic  oxide 1  ditto  =  14 

36 

Oxalaie  qfpoiassa  forms  flat  oblique  four-sided  prisms,  ter^ 
Binated  by  dihedral  summits,  the  lateral  edges  of  the  prism 
being  usually  bevelled.    Its  taste  is  cooling  and  bitter.     At 
60^  Fahrenheit,  it  requires  about  twice  its  weight  of  water  for 
solution.     There  is,  also,  a  salt  formed  of  the  same  base  and 
add,    but  with  a  considerable  excess  of  acid,  called  super" 
oxalaie  or  binoxalate  qfpoiassa.     It  forms  small  white  paral- 
klopipeds  or  rhomboids  approaching  to  cubes.     It  has  a  pun- 
gent acid  taste  mixed  with  some  bitterness.     It  requires  for 
Mdotion  ten  times  its  weight  of  water  at  60^,  and  a  still  larger 
proportion  of  boiling  water.     It  may  either  be  formed  artifi- 
cially, or  obtained  from  the  juice  of  the  oxalis  acetosella^  or  of 
the  rumex  aceiosa.     When  procured  in  the  latter  mode,  it  is 
sold  under  the  name  of  sail  of  sorrel,  or  essenlial  sail  of  lemons. 
The  acid,  which  it  contains,  is  double  that  in  the  oxalate ;  or, 
if  we  suppose  100  parts  of  potassa,  and  denote  the  quantity 
necessary  to  convert  it  into  oxalate  by  x,  then  2  x  will  convert 
it  into  binoxalate. 

According  to  Berzelius  100  parts  of  potassa  are  united,  in 
the  oxalate,  with  76.58  parts  of  real  oxalic  acid,  and  in  the 
binoxalate,  of  course,  with  153.76.  Exclusively  of  water, 
which,  in  the  crystals  of  the  oxalate,  amounts  to  17.31  per 
cent.,  these  salts  are  composed  as  follows : 

Acid.  Base. 

Oxalate  of  potassa  ....  43*37    •  •  •  •  56.63 
Binoxalate  of  ditto ....  60.47   ....  39.53 

Quadroxalate  of  polassa  may  be  composed  in  several  me- 
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thods."*^  It  was  formed  by  Dr.  Wollaston,  by  digestiDg  the 
binoxalatein  a  due  proportion  of  nitric  or  muriatic  acid.  One 
half  of  the  alkali  unites  with  the  mineral  acid,  and  the  other 
half  remains  combined  with  the  oxalic  acid.  The  salt  forms 
beautiful  crystals,  which  may  be  obtained  pure  by  solatkm 
and  a  second  crystallization. 

If  three  parts  by  weight  of  the  quadroxalate  be  decomposed 
by  burning,  and  the  alkali,  which  is  thus  disengaged,  be  mixed 
with  a  solution  of  one  part  of  the  crystallized  salt,  the  latter  it 
exactly  neutralized.  Hence  the  quadroxalate  contains  four 
times  the  acid  that  exists  in  the  oxalate.  The  analysis  of  this 
class  of  salts,  from  which  Dr.  Wollaston  (in  the  Phil.  Trans, 
for  1808)  drew  a  striking  exemplification  of  the  law  of  simple 
multiples  discovered  by  Mr.  Dalton,  may  be  recapitulated  as 
follows : 

Atom   Atoms       ^  .   . ,     Equivalent 

of  base,  of  acid.      "***"      ^^''^'     number. 

The  oxalate  consists  of  1   +   1   • . . .  48  +    36  =    84 

The  binoxalate 1   +  2  ....  48  +    72  =  120 

The  quadroxalate ....  1    +  4  ....  48  +  144  =  198 

Estimating,  therefore,  from  the  weights  of  their  atoms,  100 
of  potassa  should  be  united,  in  the  oxalate,  with  7.5  of  acid; 
in  the  binoxalate,  with  1 50 ;  and  in  the  quadroxalate,  with 

300. 

Oxalate  of  soda  readily  crystallizes,  and  has  a  taste  nearly 
resembling  that  of  oxalate  of  potassa.  When  heated,  it  falls 
to  powder,  and  loses  the  whole  of  its  water  of  crystallization. 
Soda  forms,  also,  with  oxalic  acid,  a  I'lnoxalaiej  but  no  qua-' 
droxalaic.  In  the  oxalate,  supposing  it  to  be  constituted  of  1 
atom  of  base  =  32,  +  1  atom  of  acid  =  SGy  together  6Sf  100 
parts  of  soda  must  be  combined  with  112.53  parts  of  acid ;  in 
the  binoxalate  with  225.06. 

Oxalate  of  ammonia  crystallizes  in  long  transparent  prisms, 
rhoniboidal,  and  terminated  by  dihedral  summils,  which,  ac- 
cording to  Bcrard,  contain  13  per  cent,  of  water.  Its  taste  is 
bitter  and  unpleasant.     At  the  temperature  of  GO^,  1000  grains 


•  See  Berard,  73  Ann.  de  Chim,  till. 
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tf  water  dissolTe  only  4£  grains  of  the  salt,  giving  a  solation 
of  ip.  gr.  1^186.  The  solution  is  of  great  use  as  a  re-agent; 
br  it  precipitates  lime  from  almost  all  its  soluble  combinationsi 
if  tbeae  be  perfectly  neutral,  and  discovers  it  even  when  in  very 
■innte  quantity. 

In  oxalate  of  ammonia^  conittituted  of  1  atom  of  base  =  17, 
+  1  atom  of  acid  =  36,  100  parts  of  real  alkali  must  be  united 
wHk  211J8  parts  of  acid.  A  super-oxalate  or  binoxolaie  of  am- 
mmuif  alsOf  exists,  which  is  less  soluble  in  water  than  the 
oxalate.  In  this,  100  parts  of  base  are  of  course  united  with 
4S3j6  of  acid. 

Oxalaie  of  lime  is  extremely  insoluble  in  water  at  all  tem- 
peratures. It  may  be  formed,  either  by  dropping  oxalic  acid 
ioEto  lime-water,  or  by  mingling  the  solution  of  a  salt  with 
bne  of  lime  with  one  of  any  of  the  soluble  oxalates.  When  very 
slowly  dried  at  the  temperature  of  the  atmosphere,  it  consists, 
aooording  to  Berzelius,  of  4  atoms  of  water  and  1  of  oxalate ; 
when  more  rapidly  dried,  of  2  atoms  of  water  and  1  of 
oxalate,  or  of  mixtures  of  those  two  hydrates  in  different  pro- 
portions. Dr.  Thomson  finds  that  when  dried  at  a  temperature 
not  exceeding  100^  Fahr.,  it  retains  two  atoms  of  water.  The 
anhydrous  salt  consists  of 

Lime 1  atom  ....  28  ....  43.75 

Oxalic  acid 1    do 36  •  •  • .  56.25 
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Fresh  precipitated  oxalate  of  lime  is  soluble  in  nitric  and 
muriatic  acid ;  and  hence,  in  the  use  of  oxalate  of  ammonia 
or  oxalic  acid  as  a  precipitant,  it  is  necessary  first  to  neutralize 
any  excess  of  acid,  which  the  solution  may  contain. 

Oxalales  of  baryta  and  stronila  are  white  tasteless  powders 
of  very  sparing  solubility ;  but  the  former  earth,  with  an  ex- 
cess of  acid,  forms  a  soluble  super-oxolate.     One  hundred 
ports  of  strontia  take  by  experiment  83.62  of  oxalic  acid  for 
uturation.     No  super-oxalate  exists  with  this  base.     The 
oxalate  of  baryta  is  more  soluble  than  the  strontitic  solt.     It 
coasists  of  100  parts  of  base,  united  with  51   of  acid.    A 
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8uper*oxalate  of  baryta  may  be  formed,  by  adding  oxalic  acid  in 
excess  to  the  white  powder  which  is  precipitated  by  that  acid  from 
the  watery  solution  of  baryta.  This  salt,  which  shoots  into 
small  needle-formed  crystals,  has  its  elements  so  feebly  com- 
bined, that  it  is  decomposed  by  mere  solution  in  water.  It 
is  of  course  constituted  of  100  parts  of  base  and  102  of  oxalic 
acid,  besides  water. 

Oxalate  of  magnesia  is  a  soft  white  powder,  bearing  a  con* 
siderable  resemblance  to  oxalate  of  lime.  It  is  tasteless,  and 
not  sensibly  soluble  in  water.  Yet  when  oxalate  of  ammonia 
18  mixed  with  sulphate  of  magnesia,  no  precipitate  falls,  till 
the  solution  is  heated  and  concentrated.  It  is  composed  of 
100  parts  of  base  and  180  of  acid. 

Oxalate  of  Alumina. — Fresh  precipitated  alumina  is  soluble 
in  oxalic  acid ;  but  the  compound  is  not  cry  stall  izable,  form- 
ing when  evaporated  a  yellowish  pellucid  mass.  It  has  a 
sweetish  astringent  taste,  and  is  composed  of  44  alumina  + 
5S  acid  and  water. 

Oxalate  of  Manganese. — Oxalic  acid,  digested  with  oxide 
of  manganese,  is  partly  decomposed ;  carbonic  acid  is  dis- 
engaged with  effervescence;  and  the  manganese,  reduced  to 
the  state  of  deutoxide,  unites  with  the  oxalic  acid.  The 
oxalate  of  manganese  is  precipitated  in  the  state  of  a  white 
powder,  which  also  appears  on  adding  oxalic  acid  to  the  sul- 
phate, nitrate,  or  muriate  of  manganese. 

Oxalate  of  zinc  appears  on  adding  oxalic  acid  to  the  solu- 
tion of  sulphate,  muriate,  or  nitrate  of  zinc,  from  which  it 
throws  down  the  whole  of  the  metallic  oxide,  in  the  form  of 
an  insoluble  oxalate. 

Oxalates  of  Iron. — Oxalic  acid  unites  both  with  the  prot- 
oxide and  peroxide  of  iron.  The  solution  of  the  protoxide 
affords  prismatic  crystals  of  a  green  colour  and  sweet  astringent 
taste,  soluble  in  water,  and  composed  of  55  acid  +  45  oxide. 
By  exposure  to  the  air,  in  a  liquid  state,  this  salt  is  changed 
inlo  per^oxalate,  which  is  incapable  of  crystallizing,  and  has 
dw  form  of  a  yellow  powder,  insoluble  in  water.  The  per- 
may,  also,  be  formed  by  the  direct  combination  of 
with  peroxide  of  iron. 
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Qralaie  of  fin  may  be  formed  by  the  direct  action  of  oxalic 
wad  on  tin.  The  solution  yields  prismatic  crystals,  which  aro 
foliiUe  in  water,  and  have  an  austere  taste. 

Oxolaie  of  cadmium,  formed  by  decomposing  any  salt  of 
admiam  with  the  solution  of  an  alkaline  oxalate,  is  a  white 
iHoJoble  powder. 

Oxalate  of  aniimony  is  precipitated  in  small  crystalline  and 
iftolable  {p-ains,  on  adding  oxalic  acid  to  the  solution  of  an* 
tOBony  in  sulphuric  acid. 

Oxalate  oj  cerium. — Oxalic  acid  and  oxalate  of  ammonia 
precipitate  the  protoxide  of  cerium  from  its  solutions,  forming 
a  white  salt  not  soluble  in  an  excess  of  acid  but  soluble  in 
Eqoid  ammonia.  With  the  peroxide,  the  precipitate  is  of  a 
red  colour. 

Oxalate  of  cobalt  is  precipitated  by  oxalic  acid  from  solu- 
tioDs  of  the  metal,  in  the  form  of  a  red  powder,  insoluble  in 
water  without  an  excess  of  acid,  but  then  forming  a  solution 
which  is  capable  of  yielding  crystals. 

Oxalate  of  bismuth  may  be  formed  either  by  decomposing 
the  salts  of  bismuth  with  an  alkaline  oxalate,  or  by  acting  on 
the  <yxide  with  oxalic-acid.     It  is  a  white  insoluble  powder. 

Oxalate  of  copper  appears  in  the  state  of  a  bluish  green 
precipitate,  when  oxalic  acid  is  added  to  nitrate,  acetate,  or 
sulphate  of  copper. 

Oxalate  of  lead  is  best,  formed,  by  adding  oxalic  acid  to 
solution  of  nitrate,  or  acetate  of  lead.  It  is  nearly  insoluble 
in  water,  unless  an  excess  of  acid  be  present.  It  is  composed, 
according  to  Berzelius,  of  24.54?  oxalic  acid,  +  75.46  oxide 
of  lead,  which  agree  as  nearly  as  possible  with  an  atom  of  each 
of  its  ingredients,  viz.  S6  acid  +  112  oxide. 

Oxalate  of  mercury  is  precipitated   by   oxalic  acid  from 
nitrate  of  mercury,  in  the  state  of  an  insoluble  white  powder. 

This,  when  exposed  to  the  light,  becomes  black,  and  detonates 

when  heated.     It  enters  into  the  composition  of  Howard's 

fblminating  mercury. 

Oxalate  of  silver  may  be  formed  by  adding  oxalic  acid  to 

nitrate  of  silver.     Its  colour  is  white,  but  it  is  blackened  on 

exposure  to  the  light  by  the  reduction  of  its  oxide. 

VOL.  \u  o  ^ 
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SECTION  V. 

Native  Vegetable  Acids. 

Native  vegetable  acids  are  such  as  are  foundi  ready  formed) 
in  plants  or  their  fruits,  and  require,  for  their  extraction,  only 
pressure,  and  other  simple  processes,  which  can  scarcely  be 
supposed  to  produce  any  change  in  their  nature  or  propertm 
The  following  are  the  principal  ones  hitherto  discovered: 

1.  Citric.  6.  Benzoic. 

2.  Gallic.  7.  Acetic. 

3.  Malic.  8.  Prussic. 

4.  Tartaric.  9.  Phosphoric. 

5.  Oxalic. 

Besides  these  there  are  a  few  other  acids,  obtained  only 
from  particular  vegetables,  which  may  be  classed  together 
such  as  the  gingoic,  ellngic^  menispermic,  &c. ;  because  it  may 
still  be  considered  doubtful  whether  they  are  distinct  acidsy  or 
only  known  acids  having  their  properties  disguised  by  comf* 
bination  with  other  vegetable  substances.  The  complete 
alteration  of  properties,  attending  such  combinations^  in  the 
acids  termed  sorbic,  rheumic.  Sec,  which  for  some  time 
were  ranked  as  new  acids,  but  which  were  afterwards 
shown  to  be  well  known  acids  united  with  other  vegetable 
matter,  should  teach  us  caution  in  admitting  the  claims  of 
such  substances  to  the  title  of  new  and  peculiar  compounds* 
Other  vegetable  acids,  the  results  of  more  complicated  pro- 
cesses, and  produced  by  new  arrangements  of  the  vegetable 
elements,  such  as  the  succinic,  camphoric,  &c  will  be  de- 
scribed in  connection  with  the  substances  from  which  Uiey  are 
obtained. 

Art.  1. — Citric  Acid. 

Citric  acid  exists  in  the  expressed  juice  of  the  lime  and 
lemon,  along  with  a  quantity  of  extractive  matter  and  muci- 
lage, and  with  variable  proportions  of  malic  and  sometimes  of 
acetic  acid.  The  following  process,  for  obtaining  citric  acid 
in  a  separate  state,  we  owe  to  the  ingenuity  of  Scheele.  To 
the  expressed  juice  of  the  lime  or  lemon,  contauied  in  a 
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fenel  of  earthen  ware^  or  white  wood,  add,  very  gradually, 
fiody  powdered  carbonate  of  lime  (chalk  or  whiting),  and 
fdr  the  mixture  well  after  each  addition.     An  effervescence 
will  ensue;  and  as  long  as  this  arises,  on  adding  fresh  porw 
tkms  of  chalk,  more  chalk  will  be  required.     The  exact  pro- 
]Mti€»  it  is  impossible  to  assign,  on  account  of  the  variable 
stmigth  of  the  acid  juice.     In  general,  from  six  to  eight 
fitoeea  of  chalk  are  sufficient  to  saturate  a  wine-gallon  of 
line-joice.     When  it  ceases  to  excite  effervescence,  and  the 
liquor  has  lost  its  sour  taste,  allow  the  mixture  to  settle; 
decant  the  liquid,  and  add  a  quantity  of  water.     Let  the 
powder  subside ;  the  liquor  be  again  decanted,  and  thrown 
away ;  and  these  operations  repeated,  till  the  water  comes  off 
quite  tasteless  and  colourless.    The  insoluble  precipitate  con- 
sists of  citric  acid,  united  with  lime ;  add  to  it  slowly,  while 
an  assistant  agitates  the  mixture  constantly,  a  quantity  of 
aolliharic  acid,  of  the  density  1.85  or  thereabouts,  equal  to 
die  weight  of  the  chalk  which  has  been  employed,  and  pre- 
vioasly  diluted  with  10  parts  of  water. — Let  the  acid  and 
|«ecipitate  remain  together  24  hours ;  during  which  time  they 
most  be  frequently  stirred  with  a  wooden  spatula.     Then  let 
die  white  sediment,  which  consists  of  sulphate  of  lime,  sub- 
side ;  decant  the  clear  liquor ;  add  more  water  till  it  comes 
off  tasteless ;  and  mix  all  the  liquors  togetlicr.     The  solution, 
eontaining  chiefly  citric  with  a  little  sulphuric  acid,  and  some 
mucilage,  is  to  be  evaporated  first  in  a  leaden  boiler,  and 
afterwards  in  shallow  earthen  dishes,  placed  in  a  sand-heat. 
Reduce  the  liquid  to  about  one  fourth  of  its  bulk  by  evapo- 
ration; separate  the  sulphate  of  lime,  which  will  be  deposited, 
and  again  waste  the  liquor,  by  a  heat  not  above  212%  to  the 
consistence  of  syrup.     Brown  crystals  will  form  on  cooling, 
which  must  be  set  to  drain ;  and  the  remaining  liquor,  when 
again  evaporated   repeatedly,  will   continue  to   yield  fresh 
crystals.    To  purify  these,  let  them  be  dissolved  in  water ; 
and  tlie  solution  be  again  evaporated.     Afler  the  second  crys- 
tallization, their  colour  will  be  improved ;  but  it  will  require 
three  or  four  crystallizations  to  obtain  them  perfectly  white 
and  well  formed.    In  this  state,  they  are  the  pure  citric  acid. 
The  proportions,  which  I  have  recommended  for  the  pre- 

o  2 
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paratton  of  citric  acid,  differ  a  little  from  those,  which  have 
been  deduced  by  Proust  from  his  experiments.  (Joum.  de 
Phys.  Hi.  366.)  Four  ounces  of  chalk  saturated,  he  found, 
9i  ounces  of  lemon  juice;  and  the  citrate  of  lime  weighed  seven 
ounces  four  drachms.  But  the  four  ounces  of  chalk,  or  32 
drachms,  contained  only  18  drachms  of  lime;  and,  from  the 
analysis  of  citrate  of  lime,  it  appears  to  contain  68.8  parts  of 
citric  acid  in  100.  Hence  the  seven  ounces  four  drachifli 
contained  41^  drachms  of  citric  acid.  But  to  expel  the  car- 
bonic acid  completely  from  four  ounces  of  chalk,  five  ounces 
of  sulphuric  acid  of  commerce  were  found  necessary.  Thb 
proportion,  therefore,  he  employed  in  decomposing  the  citrate 
of  lime.  Six  ounces  of  the  citrate,  by  two  crystallizations, 
gave  3^  ounces,  or  28  drachms,  of  pretty  large  crystals; 
from  whence  it  follows  that  the  whole  7-^  ounces  would  have 
given  4  ounces  S  drachms  of  crystallized  citric  acid.* 

The  preparation  of  solid  citric  acid  on  the  large  scale  of 
manufacture  requires  an  attention  to  a  number  of  minute 
circumstances,  which  are  stated  at  length  by  Mr.  Parkes  in 
the  Sd  vohime  of  his  Chemical  Essays,  and  in  the  46th 
volume  of  the  Philosophical  Magazine. 

The  citric  acid,  which  is  made  for  sale,  is  generally  pre- 
pared from  lime-juice.  The  quantity  of  solid  citric  acid,  in 
a  gallon  of  this  juice,  varies  considerably.  I  have  found  it 
as  high  as  twelve  avoirdupois  ounces  in  a  gallon  ;  but  about 
six  or  eight  ounces  to  the  wine  gallon  is  a  fair  general 
jpctlnge.  The  only  accurate  method  of  ascertaining  its  pro- 
^pBfftion  consists  in  adding,  to  a  quantity  of  the  juice,  solution 
0f  pure  potassa  till  saturation  is  produced.  Liquid  potassa^ 
of  a  fit  strength  for  this  purpose,  may  be  prepared  by  boiling 
two  pounds  of  American  potash  with  one  pound  of  quick- 
lime, previously  slaked  to  a  thin  paste,  and  a  gallon  of  water, 
in  an  iron  pot,  during  half  an  hour.  The  solution  may  be 
strained  through  calico,  and  reserved  for  use  in  well  stopped 
bottles.  When  employed  as  a  test,  one  measure  may  be  added 
to  three  measures  of  water ;  and  it  is  proper  to  ascertain,  by 
experiment,  how  much  of  this  solution  is  requisite  to  satu- 
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rate  an  avoirdupois  ounce  of  white  crystals  of  citric  acid.  It 
will  then  be  easy,  by  salurating  with  the  same  alcaline  liquor 
an  aliquot  part  of  a  wine  gallon  of  any  sample  of  lime  or 
lemon  juice  (judging  of  the  point  of  saturation  by  test  papers) 
to  calculate  what  quantity  of  solid  acid  is  contained  in  a 
gallon  of  the  juice  under  examination.  This,  of  course,  im- 
plies that  the  juice  is  not  contaminated  with  any  other  acid, 
which  must  be  ascertained  by  the  appropriate  tests.  By  mere 
keeping,  lime  juice  is  apt  to  pass  to  the  acetous  fermentation. 
Pure  citric  acid  forms  beautiful  transparent  crystals,  con- 
sisting of  two  four-sided  pyramids  joined  base  to  base,  or 
sometimes  of  rhomboidal  prisms.  An  ounce  of  distilled  water, 
at  60^  Fahrenheit,  dissolves  an  ounce  and  a  quarter  of  these 
crystals,  or  at  the  boiling  temperature  twice  its  weight.  This 
solution  is  decomposed  and  becomes  mouldy  by  keeping. 
The  crystals  do  not  attract  moisture  from  the  atmosphere. 
They  contain,  according  to  Berzelius, 

Real  acid 79  ....  1  atom. 

Water 21   ....  2  atoms. 

100. 

Only  a  small  part  of  this  water,  viz.  about  7  per  cent.,  can 
be  driven  off  by  a  degree  of  heat,  just  below  what  is  sufficient 
to  decompose  the  acid.  Tlie  real  proportion  of  watcfr  can 
only  be  determined,  by  uuiting  the  acid  with  some  basis, 
with  oxide  of  lead  for  example. 

When  treated  with  about  three  times  its  weight  of  nitric 
acid,  the  citric  acid  is  converted  partly  into  the  oxalic,  of 
which  it  gives  half  its  weight.  As  the  proportion  of  nitric 
acid  is  increased,  that  of  the  oxalic  is  diminished,  till  at 
length  it  disappears  altogether,  and  acetic  acid  appears  to  be 

formed. 

Citric  acid  is  decomposed  at  a  high  temperature,  and  yields 
products  which  are  constituted  of  carbon,  hydrogen,  and 
oxygen  in  uncertain  proportions.  Gay  Lussac  and  Thenard 
analysed  it  by  combustion  with  chlorate  of  potassa ;  Berzelius 
by  peroxide  of  copper;  and  Dr.  Ure  by  the  same  methoil. 
The  difference  between  the  results,  exliibited  in  the  first  and 
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second  columns^  Berzelias  ascribes  to  the  want  of  dae  alloir- 
ance^  by  Gay  Lussac  and  Thenard,  for  the  water  of  crystal* 
lization* 

Carbon 33.81 1 41 .369 33.00 

Oxygen    ....  59.859 54.831 62.37 

Hydrogen  .  • .     6.330 3.800 4.68 

lOO.^  lOO.t  lOO.J 

The  constitution  of*  citric  acid,  most  nearly  agreeing  with 
the  results  of  Berzelius,  is  as  follows : 

Carbon 4  atoms  ....  24    41.3d 

Oxygen 4  ditto    ....  32   55.17 

Hydrogen  ...  2  ditto    ....    2   ......     3.45 

58  100. 

Dr.  Ure's  determination  gives,  for  the  crystals,  4  atoms  of 
carbon  +  5  of  oxygen  +  3  of  hydrogen,  and  the  equivalent 
number  67,  from  which,  deducting  two  atoms  of  water,  always 
detached  by  uniting  the  acid  with  protoxide  of  lead  (or  2 
atoms  of  oxygen  +  2  of  hydrogen),  he  deduces  the  composi- 
tion of  the  anhydrous  acid  to  be  4  atoms  of  carbon  =  24,  +  3 
of  oxygen  =  24,  +  1  of  hydrogen,  and  its  equivalent  number, 
therefore,  to  be  49.  Reasoning  from  the  composition  of 
citrate  of  lead.  Dr.  Thomson  concludes  that  the  true  repre- 
sentative number  for  dry  citric  acid  is  SS^  and  for  the  crystals 
58  +  18  =  76.  (Ann.  of  Phil.  N.S.ii.  140.)  Such  a  number 
would  result  from  a  combination  of  4  atoms  of  carbon,  4  of 
oxygen,  and  2  of  hydrogen.  From  the  united  evidence, 
therefore,  of  Berzelius's  analysis  of  citric  acid,  and  of  the  com- 
position of  citrate  of  lead,  we  may  consider  the  anhydrous 
acid  as  correctly  represented  by  58,  and  the  crystals,  contain- 
ing 2  atoms  of  water,  by  58  +  18  =  76. 

Citric  acid  readily  unites  with  alkalis,  earths,  and  metallic 
oxides. 

Citrate  of  potassa. — According  to  Vauquelin,  36  parts  of 

•  Rccherches,  vol.  ii.  f  Berzelius,  Ann.  de  Chim.  xciv.  172. 

X  Ure,  Phil.  Trans.  1829. 
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cijntalliaed  citric  acid5  dissolved  in  water,  require  for  satora- 
tioo  61  of  crystallized  bi-carbonate  of  potassa;  and  tbe  result 
is  an  extremely  soluble  and  even  deliquescent  salt,  composed 
kk  its  dry  state  of  65-^  acid  and  444-  Alkali.  These  numbers 
are  not  Tery  remote  from  those  required  by  the  atomic  weight 
sf  tile  base  and  acid. 

Giraie  of  soda  is  a  very  soluble  salt.  Thirty^^six  parts  of 
chric  acid  neutralize  4S  of  dry  sub-carbonate  gf  soda;  and 
100  parts  of  the  citrate  consist  of  60.7  acid  and  89.0 
The  proportions  most  consistent  with  atomic  weights 
are  64.5  base  +  35.5  acid. 

CUraie  of  ammonia. — ^The  same  quantity  of  citric  acid  sa- 
tarates  44  partsof  sub-carbonate  of  ammonia;  and  affords  a 
soluble  and  difficultly  crystallizable  salt,  composed,  in  100 
{larts,  of  62  acid  and  88  base.  In  this  case,  the  proportion 
of  base  considerably  exceeds  the  theoretical  number,  viz.  2S.6 
SB  100  of  the  citrate. 

Ciiraie  of  baryta  consists  of  equal  weights  of  acid  aiid  base« 
It  is  an  insoluble  salt  of  little  importance. 

Ciiraie  of  magnesia. — Thirty^slx  parts  of  crystallized  acid 
neutralize  40  parts  of  sub-carbonate  of  magnesia.  Hence  100 
parts  crf'tbe  salt  contain  88.84  base  and  66.66  acid,  but  theory 
would  require  only  25.6  base  to  74.4  acid.  The  salt  is 
iolable,  but  not  crystallizable. 

Citrate  of  lime. — Crystallized  citric  acid,  dissolved  in  water, 
requires  an  equal  weight  of  chalk  for  saturation.  The  com- 
pound, when  neutral,  is  insoluble;  but  with  an  excess  of  acid 
it  becomes  readily  soluble.  It  was  found  by  Ghy  Lussac  and 
Thenard  to  consist  of 

Acid 68.83 

Lime •••.  31.17 


100. 

The  theoretical  constitution  of  this  salt  differs  very  little 
from  that  deduced  from  experiment,  viz. 

Citric  acid 1  atom  . .  •  •  58  . . . , . .  67.6 

Lime  ..•,.....•   1  ditto  ....  28 32.4 

86  100. 
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Citrate  of  zinc,  resulting  from  the  action  of  citric  acid  on 
zinc,  which  it  attacks  with  effervescence,  forms  small  brilliant 
crystals,  insoluble  in  water. 

Citrate  of  iron. — Citric  acid  dissolves  iron  filings  with  ef- 
fervescence. The  solution,  which  is  almost  colourless,  depo- 
sits citrate  of  iron  in  the  state  of  a  white  powder.  It  has  a 
sweetish  and  astringent  taste;  dissolves  readily  in  water,  but 
not  in  alcohol ;  and,  when  exposed  in  a  moist  state  to  the  air, 
becomes  first  yellow  and  then  olive,  being  converted  into  the 
percitrate.  This  salt  is  deliquescent,  and  forms  an  olive  green 
solution,  and  is  incapable  of  crystallizing. 

There  is  also  a  bi-citrale  of  the  protoxide,  which  is  depo- 
sited in  a  white  crystalline  form  during  the  solution  of  iron  in 
citrie  acid.  It  has  an  acid  and  astringent  taste,  and  does  not 
undergo  the  farther  oxidation  of  its  base,  nearly  so  soon  as 
the  neutral  citrate. 

Citrate  of  copper. — Citric  acid  dissolves  oxide  of  copper  at 
a  boiling  heat,  and  the  solution  yields  light  green  crystals. 

Citrate  of  lead  is  precipitated  from  acetate  of  lead  by  citric 
acid  in  the  state  of  an  insoluble  powder.  It  contains,  accord- 
ing to  Berzelius,  34.18  acid  +  65.82  base,  proportions  which 
confirm  the  number  already  given  for  the  equivalent  of  citric 
acid;  for  65.82:  34.18  ::  112  :  58,  very  nearly.  Now  58  is 
the  number  already  deduced  for  the  equivalent  of  citric  acid 
from  the  results  of  its  ultimate  analysis. 

These  are  the  only  citrates  that  have  been  particularly  in- 
vestigated. 

Art.  2. — Gallic  Acid. 

This  acid  exists  in  the  gall-nut,  along  with  tan  and  other 
substances.  In  Sir  H.  Davy's  experiments,  400  grains  of  a 
saturated  infusion  of  galls,  gave,  by  evaporation,  53  of  solid 
matter,  composed  of  nine-tenths  tan  and  one-tenth  gallic 
acid.  The  acid,  as  was  discovered  by  Scheele,  may  be  ob- 
tained by  exposing  an  infusion  of  galls  in  water  to  the 
air.  A  mouldy  pellicle  will  form  on  the  surface  of  the 
infusion ;  and,  after  some  months'  exposure,  small  yellow  crys- 
tals will  appear  on  the  inside  of  the  vessel.    These  crystals 
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cmtain  both  tan  and  gallic  acid.*  To  purify  tliem,  they 
■Kl  be  dissolved  in  alcohol,  and  tlie  solution  cautiously  eva- 
porated to  dryness. 

Gallic  acid  may  also  be  procured  by. sublimation.  Pounded 
ffth  are  to  be  put  into  a  large  retort,  and  heat  slowly  and 
canefiilly  applied.  The  gallic  acid  will  rise,  and  be  condensed 
m  the  neck  oF  the  retort  in  shining  white  crystalline  plates. 
The  process  most  be  stopped  before  any  oil  comes  over,  as 
tUs  would  re-dissolve  the  crystals.  This  method  is  recom- 
aended  by  Deyeux  as  preferable  to  any  other. 

The  gallic  acid  may  be  separated  from  the  infusion  of  galls, 
by  adding  muriate  of  tin  till  the  precipitate  ceases  to  appear. 
This  precipitate  may  be  reserved  for  the  experiments  detailed 
■ader  the  article  Tan.  From  the  remaining  solution  the  su- 
pcnbundant  oxide  of  tin  must  be  precipitated  by  sulphureted 
kjdrogen  gas,  and  the  clear  liquor,  on  evaporation,  yields 
oyitals  of  gallic  acid.  From  one  ounce  of  galls,  according  to 
Hsossman,  about  three  drachms  of  gallic  acid  may  be  thus 
obtainefl. 

In  Nicholson's  8vo.  Journal,  vol.  i.  page  236,  a  very  simple 
pfocess  for  obtaining  gallic  acid  is  proposed  by  M.  Fiedler. 
Boil  an  ounce  of  powdered  galls,  in  sixteen  ounces  of  water 
down  to  eight,  and  strain  the  decoction.  Precipitate  also  two 
oonces  of  alum,  dissolved  in  water,  with  a  sufficient  quantity 
of  carbonate  of  potassa,  and,  after  having  washed  the  pre- 
dpitate  extremely  well,  add  it  to  the  decoction,  and  digest 
the  mixture  for  24  hours,  shaking  frequently.  The  alumina 
combines  with,  and  carries  down,  both  the  tan  and  extract ; 
and  the  filtered  solution  yields,  by  gentle  evaporation,  crystals 
of  gallic  acid. 

To  separate  gallic  acid  from  the  tan  which  accompanies  it, 
Baruel  has  proposed  to  add  to  the  infusion  of  galls  a  solution 
of  white  of  eggs,  till  it  ceases  to  occasion  a  precipitate ;  to  eva- 
porate to  dryness  the  clarified  liquor;  and  to  add  alcohol  to 
the  dry  moss.  From  the  alcoholic  solution,  the  gallic  acid 
may  be  obtained  in  crystals,  by  evaporation.  (Thenard's 
Traite  de  Chim.  2d  edit,  and  Ann.  de  Chim.  et  Phys.  x.  235.) 


*  BenelitiS;  94  Add.  de  Cbim.  d03. 
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Mr.  Faraday  has  adopted  a  similar  process,  using  gelatine 
instead  of  albumen^  and  applying  it  by  boiling  together  bruiaed 
galls  with  about  one  sixth  their  weight  of  clipped  skins.  (Qoar-^ 
terly  Journal,  vi.  154.)    All  these  methods,  however,  M.  Bra- 
connot  is  of  opinion  are  inferior  to  that  of  Scheele,  when  mo- 
dified as  follows.     He  infused  250  grammes  (each  about  154- 
grains)  of  bruised  galls  in  rather  more  than  two  wine  pints  of 
water  during  four  days,  agitating  from  time  to  time;  pressed 
out  the  liquor ;  filtered  it  through  paper,  and  exposed  tbe 
liquor  to  the  air  in  a  glass  vessel,  at  a  temperature  varying 
from  65^  to  75^  Fahrenheit,  for  two  montiis.     A  considerable 
quantity  of  gallic  acid  separated  in  crystals,  which  were  col* 
lected  and  pressed.     The  solid,  thus  obtained,  consisted  partly 
of  gallic  acid,  and  partly  of  a  new  acid  insoluble  in  boiling 
water.     The  liquid,  which  passed  through  the  cloth.  Was  eva- 
porated to  the  consistence  of  syrup,  and  at  the  end  of  S4 
hours,  more  crystals  were  obtained,  which  were  also  subjected 
to  pressure.     The  quantity  of  gallic  acid  amounted   to  62 
grammes,  but  it  was  mixed  with  an  insoluble  powder.     The 
whole  was  boiled  with  about  a  pint  and  a  quarter  of  water, 
and  filtered;  and  about  10  grammes  of  a  light  fawn  coloured 
substance  remained  on  the  filter.     The  filtered  solution  de- 
posited on  cooling  about  40  grammes  of  gallic  acid,  and,  from 
the  remaining  liquid,  about  10  grammes  more  were  obtained 
by  evaporation.     M.  Braconnot  found  also  that  gallic  acid 
was  developed  by  keeping  the  bruised  galls  moistened  and  ex- 
posed to  the  air,  and  that  an  odour  of  alcohol  was  emitted 
during  their  decomposition.     (Ann.  de  Chim.  et  de  Phys.  ix. 
184.) 

By  none  of  these  processes,  however,  can  gallic  acid  be 
obtained  f>erfectly  pure ;  for  it  is  still  contaminated  with  a 
small  proportion  of  extract.  To  purify  it,  Deyeux  advises  its 
sublimation.  Over  a  glass  capsule,  containing  the  impure 
acid,  and  placed  in  a  sand-heat,  another  capsule  is  to  be  in- 
verted, and  kept  cool.  On  the  impression  of  the  heat,  the  ackl 
rises  into  the  upper  one,  in  the  form  of  white  needle-shaped 
crystals.  By  this  process,  the  qualities,  and  probably  the  com* 
position,  of  gallic  acid,  appear  to  undergo  some  change. 

Braconnot  finds  that  the  gallic  ackl,  prepared  by  his  method, 
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md  lurriD^  a  1^^  ^a^*^  colour,  may  be  purified  by  dissoIviDg 
100  ports  in  800  oF  boiling  water,  and  adding  18  parts  of 
animal  charcoal  (ivory  blacic)  which  has  been  washed  with 
dflrted  muriatic  acid.  The  materials  are  to  be  kept  heated  in 
a  and  bath  for  a  quarter  of  an  hour;  and  the  liquor  filtered 
Arough  paper  and  sufiered  to  cool,  agitating  it  several  times. 
The  acid  thus  obtained  is,  after  pressure,  perfectly  white,  and 
oeeasions  no  precipitate  in  an  infusion  of  gelatine.  Re-dis- 
solyed  in  boiling  distilled  water,  it  forms  small  silky  crystals 
of  the  most  perfect  whiteness. 

The  pure  gallic  acid  has  the  following  characters : 

1.  Its  crystals  have  the  form  of  transparent  plates  or  of  oc- 
tobedrons.  They  have  a  weakly  acid  and  somewhat  astringent 
taste. 

S.  Gallic  acid  burns  with  flame,  when  placed  on  a  red-hot 
iron,  and  emits  an  aromatic  smell.  When  distilled  per  se  at 
a  high  temperature,  it  is  decomposed,  and  yields  the  usual 
products  of  the  destructive  distillation  of  vegetable  matter. 

S.  It  is  soluble  in  24  parts  of  cold,  or  three  of  boiling  water. 
The  solution  is  decomposed  by  keeping,  and  acquires  a 
mouldy  pellicle  on  its  surface.  Alcohol,  when  cold,  dissolves 
one  fourth,  or  an  equal  weight  when  heated.  It  is  also 
ioluble  in  ether. 

4*  The  solution  reddens  blue  vegetable  colours ;  but  Berze- 
lius  denies  its  action  on  the  colour  of  turnsole.  It  efiervesces 
with  alkaline  carbonates,  but  not  with  earthy  ones. 

5.  Nitric  acid  converts  the  gallic  into  oxalic  acid. 

6.  It  unites  with  alkaline  solutions  without  producing  any 
deposit ;  but  from  watery  solutions  of  lime,  baryta,  and  stron- 
lia,  it  occasions  a  bluish  precipitate.  Of  the  combinations 
of  earths  with  acids,  it  decomposes  those  only  with  base  of 
glucina,  yttria,  and  zirconia,  a  property  distinguishing  those 
earths  from  all  others. 

7.  It  precipitates  most  metals  from  their  solutions;  gold, 
silver,  and  copper,  of  a  brown  colour;  lead,  white;  mercury 
orange;  bismuth,  yellow ;  andiron,  deep  black.  It  is  inca- 
pable, however,  according  to  Richter,  of  detaching  iron  from 
sulphuric  acid,  unless  assisted  by  some  body  which  has  an 
affinity  for  sulphuric  acid.    The  precipitate  from  solutions  of 
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This  agrees  very  nearly  with  (lie  equivalent  deducible  frdiH 
the  composition  of  gallatc  of  lead,  which,  according  to  BeracN 
lius,  consists  of  17S.97  protoxide  of  lead,  +  100  gallic  acid; 
and  173.97: 100::  112(theequivalent  of  oxide  of  lead):  63.92. 

A  full  and  valuable  history  of  the  gallic  acid,  and  of  all  th<^ 
processes  then  known  for  obtaining  it,  by  Bouillon  La  Grangep 
may  be  consulted  in  Nicholson's  Journal,  xvii.  58.*  Tlial 
chemist  has,  however,  expressed  a  doubt  of  the  claim  of  the 
gallic  acid  to  be  considered  as  a  distinct  acid,  and  suspects 
that  it  is  only  a  modification  of  the  acetic.  In  confirmation 
of  these  doubts  he  remarks,  that  its  properties  differ  accord* 
ing  to  the  method  in  which  it  has  been  prepared  ;f  but  therii 
•  does  not  appear  to  me  sufficient  reason  to  deny  the  distinct 
nature  of  a  compound,  which  is  distinguished  by  so  many 
Striking  peculiarities  as  belong  to  the  gallic  acid. 

*  Tlis  reader  will  fitid,  also,  much  importaDt  matter  on  this  subject  in 
Messrs.  Aikins'  Dictiouary  of  Chemistry,  article  Gall  Nut,  ami  in  Dr. 
BotU>ck*s  papers  in  Nicholson's  Journal,  xxiv. 

t  Aanalei  de  Chimie,  Ix.  156. 
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Art.  3. — Malic  Acid, 

This  acid  exists  in  the  juice  of  apples,  gooseberries,  and  of 
some  other  fruits,  in  which  it  is  found  mixed  with  the  citric, 
and  occasionally  with  other  acids.  It  may  be  obtained  by 
evaporating  (he  juice  nearly  to  dryness,  and  then  adding 
alcohol,  which  dissolves  the  acids,  and  leaves  the  mucilage. 
To  this  solution  of  citric  and  malic  acids  in  alcohol,  chalk  is 
to  be  added  to  saturation,  and  the  precipitate  to  be  washed 
with  boiling  water,  which  takes  up  the  malate  of  lime,  and 
leaves  tlie  citrate.  The  solution  of  the  malate  of  lime  may 
then  be  decomposed  by  sulphuric  acid. 

Or  the  juice  of  apples  may  be  saturated  with  carbonate  of 
poCassa,  and  mixed  with  a  solution  of  acetate  of  lead,  till  the 
precipitate  ceases.  This  precipitate  is  to  be  washed  with  water, 
and  diluted  sulphuric  acid  is  to  be  added,  till  the  liquor  acquires 
an  acid  taste,  unmixed  with  any  sweetness.  The  fluid  is  to 
be  filtered,  to  separate  the  sulphate  of  lead,  and  evaporated. 
It  yields  no  crystals,  but  a  thick  liquor  of  a  cherry-red  colour. 
Braconnot  objects  to  this  process,  that  the  acid,  obtained  by 
ity  is  contaminated  with  a  mucilaginous  matter  intermediate 
between  gum  and  sugar,  which  modifies  its  chemical  proper- 
tics. 

Vauquclin  has  shown  that  the  malic  acid  may  be  obtained 
advantageously  from  the  juice  of  house-leek  {^empeniwum 
ieclorum)  by  adding  acetate  or  nitrate  of  lead,  and  decompos- 
ing the  insoluble  malate  with  sulphuric  acid,  added  in  slight 
excess.  To  remove  the  redundant  sulphuric  acid.  Gay  Lussac 
boils  the  liquor  with  a  small  quantity  of  litharge,  and  throws 
down  the  oxide  of  lead  by  a  current  of  sulphureted  hydrogen. 
He  then  evaporates  to  the  consistence  of  syrup,  and  adds 
alcohol,  which  separates  the  malic  acid  from  a  portion  of 
malate  of  lime.  The  alcohol  is  then  distilled  off  at  a  gentle 
heat,  and  the  residue  dissolved  in  water.  (Ann.  de  Chim.  et 
Phys.  vi.  331.) 

Malic  acid  may  be  formed,  also,  by  the  action  of  nitric  acid 
on  sugar.  £(]ual  weights  of  sugar  and  nitric  acid  are  to  be 
distilled  together,  till  the  mixture  assumes  a  brown  colour. 
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The  oxalic  acid  may  be  separated  by  adding  lime  water; 
after  which ,  the  remaining  liquor  is  to  be  saturated  with  lime 
and  filtered.  On  the  addition  of  alcohol,  a  coagulum  of  ma- 
late  of  lime  is  formed,  which  may  be  dissolved  in  water,  and 
decomposed,  as  before  directed,  by  acetate  of  lead;  and 
afterwards  by  sulphuric  acid.  This  process,  however,  Mr. 
Donovan  finds  to  be  extremely  uncertain  and  costly. 

In  1815  Mr.  Donovan  discovered  in  the  juice  expressed 
from  the  berries  of  the  sorliis  auaiparia,  or  service  tree,*  what 
he  then  considered  as  a  distinct  acid ;  and  the  experiments  of 
Vauquelin  and  Braconnotf  appeared  for  a  time  to  confirm  his 
conclusions.  To  procure  it,  the  fruit  of  the  sorbus,  collected 
about  the  month  of  October  a  little  before  it  is  perfectly  ripe, 
is  to  be  bruised  in  a  porcelain  or  marble  mortar,  and  sab- 
mitted  to  strong  pressure.  Vauquelin  recommends  that  th^ 
juice,  thus  obtained,  should  be  allowed  to  remain  12  or  15 
days  in  a  moderately  warm  place.  By  the  fermentation, 
which  it  thus  undergoes,  a  quantity  of  viscid  matter  ia  d^po* 
sited,  which  may  be  separated  by  filtration.  The  clear  liquor 
may  be  mixed  with  a  solution  of  acetate  of  lead,  which  affords 
a  copious  precipitate.  This  is  to  be  washed  on  a  filter,  first 
with  a  large  quantity  of  cold  water,  to  free  it  from  colouring 
matter ;  and  next  with  repeated  quantities  of  boiling  water^  the 
hot  washings  only  being  reserved  in  a  series  of  glass  jars.  After 
some  hours,  they  become  opaque,  and  deposit  crystals  of  sin- 
gular lustre  and  beauty,  resembling  benzoic  acid.^  Those, 
which  have  been  formed  in  the  colourless  washings,  are  to  be 
collected  on  a  filter,  dried  in  the  air,  and  preserved  for  a  sub- 
sequent process. 

The  original  mass,  remaining  on  the  filter,  is  next  to  be 
boiled  for  half  an  hour  with  a  slight  excess  of  diluted  sulphuric 
acid ;  and  when  cold  is  to  be  filtered.  The  clear  liquor  is  to 
be  mixed,  a  second  time,  with  acetate  of  lead ;  the  precipitate 
washed  as  before  with  boiling  water;  and  the  crystals  selected 
from  the  colourless  washings  only.  The  remaining  mass  is 
again  to  undergo  the  action  of  sulphuric  acid  as  before. 
The  crystals,   thus   collected,    are   to  be  boiled  for  half  an 


•  Phil.  Trans,  1815.  .  f  Ann.  dc  Chim.  et  Phys.  r}, 
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hmr  with  2.3  their  weight  of  sulpharic  acid  of  the  specific 
grarity  of  1 .090,  supplying  water  as  it  evaporates,  and  taking 
cue  to  keep  the  materiab  suspended,  by  stirring  constantly 
vidi  ft  glan  rod.  The  clear  liquor  is  to  be  filtered  off,  and 
poured  into  a  tall  and  narrow  glass  jar.  While  still  hot,  sul* 
pbnreted  hydrogen  gas  is  tp  be  passed  through  it,  till  all  the 
hwl  has  been  precipitated.  The  fluid  is  then  to  be  filtered, 
Md  boiled  in  an  open  vessel,  until  the  vapour  ceases  to  blacken 
paper,  on  which  characters  have  been  traced  with  acetate  of 
lead.  The  acid  liquor  thus  obtained,  when  evaporated  to  a 
igfrap,  ahoota  on  cooling  into  mamillary  crystals,  which  have  a 
very  soar  taste,  and  deliquiate  in  a  moist  atmosphere.  Bra- 
coDDot  prefers  obtaining  the  acid  by  the  intermediation  of 
line  rather  than  of  oxide  of  lead,  by  which  process  he  pro- 
ores  a  hirger  proportion  of  acid. 

By  a  subsequent  train  of  experiments,  Braconnot  was 
led  to  conclude  that  the  sorbic  acid  is  essentially  the  same 
with  the  malic;  for  when  divested  of  all  impurities,  it  exhi- 
bited the  same  properties,  and  formed  with  bases  precisely  the 
same  compounds.*  The  same  conclusion  has  been  drawn  by 
Houton  Labillardi^re.f  The  identity  of  the  acid,  when  ob- 
tained from  different  sources  being  thus  established,  it  appears 
to  be  due  to  Scheele  to  distinguish  it  by  the  term  malicj  which 
be  originally  proposed  for  it. 

The  malic  acid  is  liquid,  and  incapable  of  being  crystallized  ; 
for,  when  evaporated,  it  becomes  thick  and  viscid,  like  syru}). 
Its  taste  is  very  sour,  but  it  is  quite  free  from  smell.  It  is  diifi- 
colt  to  obtain  it  free  from  colour;  but,  by  a  process  somewhat 
tedious  and  complicated,  Braconnot  succeeded  in  preparing 
it  quite  white,  from  the  juice  of  sempervivum  iectorum.     It  is 
fery  loluble  in  water,  and  in  alcohol.     By  keeping,  it  under- 
goes a  kind  of  decomposition.     Nitric  acid  converts  it  into 
oxalic  acid.     It  unites  with  alkalis  and  earths.     With  lime  it 
forms  a  salt  which  is  almost  insoluble  in  cold  water,  but  readily 
soluble  by  hot ;  and  in  consequence  of  this  last  property,  it 
may  be  easily  separated  from  the  oxalic,  citric,  and  tartaric 
adds;  all  of  which  form  with  lime  compounds  that  are  inso- 

•  Ann.  de  Chim.  et  Phys.  Tiii.  140.  t  IbkL  S14. 
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cwponittd  to  dryneK,  afisames  the  appearance  of  gum.    Mi^ 
klaof  Ume  it  often  found  in  malic  acid,  and  gives  it  the  pro- 
pstj  of  precipitating  nitrate  of  lead. 
Jfiojole  o/"  baryta  resembles  the  foregoing  salt  in  its  pro- 


MtJaie  of  sirtmlia  is  more  soluble  than  the  two  foregoing 
■slates,  for  strontitic  water  is  not  rendered  tnrbid  by  malic 
sad,  which  precipitates  lime  and  baryta  from  water. 

Malate  of  magnesia  forms  permanent  crystals,  soluble  in 
il  times  their  weight  of  water  at  CO^. 

Malttte  of  alumina  is  precipitated,  in  an  almost  insoluble 
hna,  when  malic  acid  is  added  to  salts  with  base  of  alumina. 
BcMs  Mr.  Cbenevix  proposed  this  acid  as  a  means  of  sepa^ 
ntagalamina  from  magnesia;  but  the  method  has  not  been 
pKnlly  adopted  in  practice. 

Mdaie  of  iron  forms  a  brown  solution  which  is  not  crystal- 
htie. 

Molaie  rflead  is  immediately  precipitated  on  pouring  malic 

■id  into  solution  of  acetate  of  lead,  and  on  adding  acetate  of 

U  to  any  liquid  containing  malate  of  lime.     It  is  soluble  in 

•ok  nitric  acid  and  acetic  acid.  According  lo  Mr.  Donovan, 

<i>capaUe  either  of  existing  in  a  neutral  state,  or  of  uniting 

vitb  an  excess  of  either  acid  or  base ;  but  this  is  not  consistent 

^  the  experience  of  Vauquelin.  Gay  Lussac  (Ann.  dcChim. 

ccPbyi.?i.  S32.)  suggests  that  a  triple  compound  probably 

cxittfi  of  malic  acid  with  lime  and  oxide  of  lead. 

The  combinations  of  mnlic  acid  with  other  metallic  oxides 
knv  not  yet  been  investigated. 

Art.  4. —  Tartaric  ^cid^  and  its  Comlinaiiom. 

The  tartaric  acid  is  generally  obtained  from  the  bi-tartrate 
sfpotassa  (purified  cream  of  tartar)  by  the  following  pro- 
em: 

Let  100  parts  of  finely  powdered  cream  of  tartar  be  inti- 
nately  mixed  with  about  30  parts  of  pulverized  chalk.  This 
iibest  done  by  grinding  them  together  in  a  niort&r,  and  pass- 
ing the  mixture  through  a  sieve.  Let  the  mixture  be  thrown, 
by  spoonsful,  into  eight  or  ten  times  its  weight  of  boiling 
water;  waiting  for  the  cessation  of  the  effervescence,  which 

VOL.    11.  P 
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is  produced  by  each  addition,  before  any  more  is  thrown 
in.    This  method  I  find  preferable  to  the  entire  aolatioo  of 

tlie  cream  of  tartar  in  the  first  instance,  which  requires  a  very 
Jarge  quantity  of  water.  If  it  should  appear,  from  the  effect 
«*f  the  liquor  on  litmus  paper,  that  the  chalk  has  not  been 
added  in  sufficient  quantity,  more  may  be  gradually  used,  till 
the  colour  of  the  litmus  is  no  longer  reddened. 

By  this  operation,  a  quantity  of  insoluble  tartrate  of  lime 
will  be  formed,  which  is  to  be  allowed  to  subside,  and  washed, 
three  or  four  times,  with  cold  water.  To  the  tartrate  of  lime, 
diffused  through  a  sufficient  quantity  of  water,  concentrated 
sulphuric  acid  may  be  added,  equal  in  weight  to  the  chalk 
which  has  been  employed.  The  mixture  may  be  allowed  to 
stand  for  24  hours,  during  winch  it  should  be  irequently 
agitated.  Assay  a  little  of  the  clear  liquor,  by  pouring  into  it 
some  solution  of  acetate  of  lead.  A  copious  precipitate  will 
be  formed,  which  may  either  consist  of  tartrate  of  lead,  or  of 
a  mixture  of  tartrate  with  sulphate  of  lead.  To  determine 
this,  add  diluted  nitric  acid,  which  dissolves  the  tartrate  but 
not  the  sulphate.  A  small  quantity  of  uncombined  sulphuric 
acid,  though  not  necessary,  does  no  harm ;  but  a  large  excess 
of  that  acid  is  injurious,  from  its  re-acting  on  the  tartaric  acid, 
when  heat  is  applied  in  the  subsequent  stages  of  the  process. 
The  deficiency  of  sulphuric  ncid,  if  enough  has  not  been  used 
to  decompose  all  the  tartrate  of  lime,  should  be  supplied  by 
adding  more;  or  a  redundance  of  it  removed  by  the  addition 
of  a  little  chalk.  The  evaporation  of  the  solution  may  now 
be  carried  on,  in  a  manner  precisely  similar  to  that  directed 
for  the  citric  acid ;  and  tlie  crystals  purified  by  a  second  solu- 
tion and  evaporation. 

The  liquor  remaining  after  the  addition  of  chalk,  consists 
of  the  neutral  tartrate  of  potassa.  It  may  be  decomposed  by 
mixing  it  with  solution  of  muriate  of  lime,  till  no  farther  pre- 
cipitation ensues.  An  insoluble  tartrate  of  lime  falls  down, 
which  may  be  decomposed  by  sulphuric  acid,  in  the  way  at 
ready  directed.  Or  die  tartrate  of  potassa  may  be  evaporated 
to  dryness,  and  reserved  for  other  purposes.  If  the  tartrate 
of  iicne  be  formed  by  the  first  operation  only,  the  product  of 
cO'^tallized  acid  amounts  to  between  one  fourth  and  one  fifth 
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tlie  weight  of  the  cream  of  tartar.     But  the  decomposition  by 
muriate  of  lime  doubles  the  product  of  crystallized  ncid. 

Quicklime  has  been  recommended  as  a  substitute  for  chalk 
in  this  process;  but  I  have  never  found  that  it  could  be  em- 
ployed with  any  advantage;  for  a  quantity  of  caustic  potassa 
is  set  at  liberty  by  its  action,  which  dissolves  the  tartrate  of 
lime,  and  prevents  it  from  precipitating.  When  chalk  is  em- 
ployed for  saturation,  that  part  of  the  acid  only  is  neutralized, 
which  constitutes  the  syper-solt ;  but  with  quicklime  the  ope- 
mtion  is  carried  still  farther,  and  the  neutral  tartrate,  also, 
abandons  its  acid. 

The  tartaric  acid  forms  regular  crystals,  the  shape  of  which 
is  that  of  four  sided  prisms,  apparently  rectangular,  termi« 
Haled  by  dihedral  summits,  and  sometimes  by  four  sided  py- 
l^mids.  Their  specific  gravity  is  1.59G2.  They  melt  at  a 
lieat  a  little  exceeding  1^12^  into  a  fluid  which  boils  at  250^, 
and  leaves  a  semitransparent  mass  on  cooling,  slightly  attrac- 
t-ive  of  moisture  from  the  air,  tliough  the  original  crystals 
^vere  not  deliquescent. 

The  crystals  require  for  solution  five  or  six  parts  of  water 
at  60^  Fahrenheit;  but  are  much  more  sokible  in  boiling 
^ater.  The  solution,  which,  if  saturated,  has  the  sp.  gr.  1 .230, 
acquires,  If  diluted,  like  that  of  most  other  vegetable  acids, 
«i  mouldy  pellicle  by  keeping.  The  crj'stals  were  found  by 
Berzelius  to  consist  of 

Real  acid 88.75    100. 

Water 11.25    12.7 


100. 


Bergman  exposed  tartaric  acid  to  distillntion  with  nitric 
acid,  in  the  manner  practised  for  obtaining  oxalic  acid,  bi  t 
without  being  able  to  produce  the  latter  acid.  Hermbstadt* 
however,  by  using  a  very  concentrated  nitric  acid,  succeeded 
in  converting  the  tartaric  into  the  oxalic  acid,  and  from  six 
dracbmn  of  the  former  obtained  four  drachms  and  two  scru- 
ples of  the  latter.  Westrumb,  also,  was  successful  in  the 
same  attempt,  and  adds  that  the  tartaric  acid  may  be  changed 
into  the  acetic  by  digestion  with  water  and  alcohol. 

F   2 
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TirCaric  ftdd  hat  been  andyeed  by  Gay  Laaaae  aod  Tkv^ 
sard,  \xj  BeneUna,  and  by  Dr.  Ure^  and  their  mriOi  wa 
tained  fai  the  roUowing  Table.    One  kuadved  parte 

Carboa.  OiijFgtB.        0; 

According  to  Gay  Lunac,  of  24.050  • .  •  •  69.881  •  • .  • 

»  Beneliufl»  of  •  •  a£.98   •  •  •  •  60.S8  ....  S.7i  \ 
•  Uir«^of 3L42  ».«.  65.88   .,..  8.76  «« 


»MV 
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The  diaagreoment  of  the  two  firat  aeriea  of  rianlta  with 
other  ia  ooeasioncd,  pfrobably,  by  part  of  the  water  of  cryeiaha/ 
Ibeation  having  been  attached  to  the  acid  analyaad  by  GafVii 
IJMaaeand  Thenard,  which  wonkl  increaae  (he  propovdilw^ 
of  oiqrgen  and  hydrogen.  The  moat  probaUe  atomic  csmtAk^. 
totioh  of  anhydrona  tartaric  acid  appeara  to  be  the  feDenM 
ing:  t 

Carbon i  atoms  . .  f  4  •  •  •  •  S6^6  '  ^' 

Oxygen 5ditto    ..  40  ....  6061  "^ 

Hydrogen  ...  S ditto  .. .    2....    9.09  ''^ 

w        too.  »•  c^ 


0 


And  the  crystals  are  probably  composed  of 

Anhydrous  acid  1  atom  ...*  QQ   88 

Water 1  ditto  ....     9   12 

75  100 

An  additional  atom  of  hydrogen  in  tartaric  acid  would  be  1 
consistent  with  the  results  of  its  ultimate  analysis;  though  it 
would  better  accord  with  the  equivalent  number  (67)  dedn- 
cible,  as  will  afterwards  appear,  from  tlie  composition  of  tar- 
trate of  lead. 

Tartrate  ofpotassa^  called  formerly  soluble  tartar j  may  be  ob* 
tained  by  adding  sub-carbonate  of  potassa  either  to  cream  of 
tartar,  or  to  the  solution  of  the  crystallized  acid,  till  all  eflb^ 
Tcscence  ceases;  or  by  cTa|>orating  the  liquid  which  remaint 
after  adding  chalk  to  the  solution  of  bi-tartratc  of  potama  in 
preparing  tartaric  acid.  According  to  Von  Packen  120 
grains  of  sub-carbonate  require  for  saturation  112  of  pure 
tartaric  acid.    Mr.  R.  Phillips  finds  that  100  parts  of  cream 
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if  tertmr  require  for  neutralization  43^  of  sub-carbonate  of 
The  resulting  salt  is  very  soluble,  and  even  deli- 
It  it  capable  of  crystallizing  in  flat  four  sided 
pnsms  terminated  by  dihedral  summits.  It  is  composed,  ac-' 
cording  to  Berxelius^  of . 

Tartaric  acid 58.69 100 

Potassa 41.81  ••«.»•    70*4 


100. 
It  probably  consists  of 

Tartaric  acid  1  atom  •  •  66 57.90 

Potassa  •  •  • .  1  ditto   •  •  48 42.10 


114  100. 

Super<4artraley0r  li'tartrale  of  potassa. '^^If  iu\o9i  solution  of 
die  neutral  tartrate  of  potassa  we  pour  a  solution  of  tartaric 
idd,  a  white  powder  falls  down  in  great  abundance,  which  is 
s  compound  of  the  neutral  salt,  and  an  additional  quantity  of 
scid.  The  tartaric  acid,  in  this  proportion,  even  separates 
potassa  from  tlie  mineral  acids*  Thus  by  adding  tartaric 
acid  to  the  muriate  of  potassa>  we  obtain  a  precipitate  of  the 
bi*tartrate  of  that  alkali. 

The  substance,  which  is  known  in  commerce  under  the 
same  of /ar/ar,  is  an  impure  variety  of  this  salt.  When  puri- 
fied by  solution  and  re-crystallization,  it  aflbrds  white  crystals* 
die  form  of  which  has  been  particularly  described  by  Dr. 
Wollaston.*  These  crystals,  by  being  reduced  into  powder, 
become  the  cream  of  tartar  of  the  shops. 

Bi-tartrate  of  potassa  has  the  specific  gravity  1.953.  It 
nquires  for  its  solution  a  very  large  quantity  of  water,  not 
las  than  60  parts  nt  60^  Fahr.  or  14  at  212^.  Hence  its  so* 
lalioii  in  hot  water  deposits  the  salt  on  cooling,  so  rapidly 
aad  m  such  quantity  as  almost  to  resemble  precipitation. 

Bi-tartrate  of  potassa,  it  is  observed  by  Gay  Lussac,t 
»— —  - 

*  Tbomsoo's  Annals,  x.  37.  f  Ann.  de  Cbim.  et  Phys.  iii.  S81. 


-" }. 


kt^  «i  many  cMet*  Wn  *mhi(ktmMi^kmi^mm 
tHalSei  tfitt  niv  iMdabfe  hi  tW  mimM'itSi^imi 
i^yiH^ '  M^:     He  prepMitt  ks  oMi  AmmAmi^  if 

IVom  the  experimoito  of  Bmdimi"CtifiitmpiMm 
taitnte  of  potaaw  may  be  stated  at 

JkClCl     •%•••«•«••    7Q*V9  •  •••«••  j»  a'^lvV    - 

Potaxn  ........  94.80   ........    35.8 

Water 4.7S 


/i»:| 


100- 

The  prpfKirlioiiSy  m€Mt  ipcm^^         the  fdwrn 
of  tibe  add^uid  bese,  are^  eii^iitiTe  of  water* 

Tartaric ncid, 8  atoms  ••..  188 7&M 

'Ji'  f«  »'*:PQtafia«e  •'•'  1  ditiii^'e  #•« •   48.  •^^••vM*!! 

^,  n    r  i»  loa. 

^      Indietaitrat^dMii^weiHifia  IM^baae  *f  18?^ ami    > 

>-  lOMiaii.;  bi-tartrate  •••••••  *  100  i  •  •  •  •!•  878*  •        .?rf 

In  the  bi-tartrate,  is  found  also  a  quantity  of  water,  nrfij 
ilppears  essential  to  tlie  constitution  of  tlie  salt ;  for  it 
be  separated  by  heat,  without  decomposing  the  acid.     I 
proportion,  indeed,  is  as  nearly  as  possible  that  of  an  atiNHi 
for  95.85  :  4.75 : :  180 :  9  very  nearly.     We  may  consider  tbff 
crystallized  bi-tartrate  then  as  constituted  of  1  atom  of  hm 
tartrate  -f  1  atom  of  water.  ^  ^ 

When  100  grains  of  bi-tartrate  arc  incinerated,  so  as  to  dea^ 
troy  the  acid,  the  alkali  obtained  is  exactly  sufficient  to  neutral*^  «^ 
ize  100   grains  of  the  crystals  dissolved  in  water;  a  proof  ; 
that  the  potassa  in  the  acidulous  suit  is  combined  with  twioi  ? 
as  much  acid  as  in  the  neutral  compound.  ^ "" 

By  the  destructive  distillation  of  1000  parts  of  bi-tnrtrale  lii^ 
potiissQ,  Fourcroy  ami  Vauquelin  obtained,  exclusively  df 
gaseous  producti«,  of  ncid,  and  of  charcoal,* 


*  Ann.  dc  Chim.  Uiv.  48. 
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Pare  dry  sub->carbonate  of  )K)tassa 350 

Tartrate  of  lime   6 

Saica 1.2 

Alumina   0.25 

Iron  and  manganese 0.75 

Tartrate  ofpotassa  ami  soda  may  be  formed  by  nentrnlizing 
tt  purist  of  cream  of  tartar  with  1 8  parts  of  siib-carbonnte  of 
«)da.     The  resulting  salt  is  well  known,  from  its  being  em- 
ployed in  medicine  under  the  name  of  Sel  de  Stigneltey  or  flo- 
AdU  Salt.     It  requires,  for  solution,  about  five  parts  of  cold 
vater,  but  much  less  at  the  boiling  temperature.     From  the 
experiments  of  Vauquelin  it  appears  to  be  composed  of  5  ^  parts 
ofcirtrate  ofpotassa,  and  46  parts  of  tartrate  of  soda.     The 
proportions  of  1  atom  of  tartrate  ofpotassa  +  1  atom  of  tar- 
trate of  soda  would  require  that  it  should  consist  of 

Tartrate  of  potassa 53.73 

Tartrate  of  soda 46.27 


100. 

Tartrate  of  soda ,  formed  by  saturating  tartaric  acid  with  car- 
bonate of  soda,  crystidlizes  in  fine  needles,  which  arc  soluble 
10  ao  et|ual  weight  of  cold  water.  On  adding  a  quantity  of 
tartaric  acid  equal  to  that  in  the  neutral  salt,  we  obtain  an 
iniM>luble  bi-tartrate  of  soda. 

Tartrate  of  ammonia  forms  polygonal  prisms,  which  have 
a  bitter  taste,  are  very  soluble  in  water,  and,  on  the  addition 
of  a  farther  proportion  of  tartaric  acid,  are  converted  into  an 
insoluble  bi-tartratc. 

Tartrate  oflimeh  formed,  in  the  process  for  preparing  tar- 
taric acid,  by  adding  airbonate  of  lime  to  a  solution  of  bi- 
tartrate  ofpotassa.  It  is  white,  tasteless,  and  almost  insoluble 
in  cold  water,  but  soluble  in  600  times  its  weight  of  boiling 
Water,  and  in  most  of  those  acids  that  form  soluble  compounds 
with  lime.  According  to  Berzclius  (91  Ann.  de  Chini.  179), 
it  coubtsts,  when  dried  at  a  gentle  heat,  of 

Tartaric  acid  . . .  50.55    . .  . .  i  atom    ....  60' 

Lime 21.64    ....  1  atom    ....  'i8 

Water 27.81    ....  4  atoms  ....  36 

100,  \30 
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And  tlie  anhydrous  tartrate  of  Ume  ivill  be  reptaaciled  by 
66  +  2B-94t. 

Tarirale  of  baryta  mty  be  formed  by  mudng  a  aolaliiNi  d 
neutral  tartrate  of  potoasa  with  one  of  muriate  of  baryta.  A 
componnd  falls  down,  which  is  insoloUa  in  watsr^  bnt 
in  acetic  acid,  and  in  nitric  and  muriatic  acids*  We  are 
acquainted  from  experiment  with  the  proportion  of  its 
ponentSy  but  it  probably  consists  of  an  atom  of  each  elemeaaM 

Tartrale  of  slroniia  may  be  formed  also  by  double  deootti 
position.  It  dissolves  in  330  parts  of  boiling  water,  and  cqfy 
stallizes  from  its  solution  in  rhomboidal  prisms.  Aoeonliq| 
to  Vauquelin  it  consists  of  47.12  acid  +  58.88  base.  /,* 

Tarirqte  qfmagtiesia  is  an  insoluble  salt,  unless  as  esoasaigi 
acid  be  present.  It  is  more  saline  to  the  taste  than  tartralti^ 
lime,  and  is  fusible  by  heat  il 

Tarirale  of  alumina  may  be  prepared  by  acting  with  tartaiie 
acid  on  fresh  precipitated  alumina.  It  is  not  crystallinbk^ 
but,  when  evaporated,  forms  a  mass  resembling  gum. 

Tarirale  of  manganese. — Tartaric  acid,  when  heated  in  so* 
lution  with  black  oxide  of  manganese,  is  decomposed,  mat 
carbonic  acid  is  disengaged,  a  colourless  solution  of  monganeaa 
being  formed. 

Tartrate  of  zinc,  produced  by  the  direct  action  of  tartaric 
acid  on  zinc,  is  a  snit  of  diflicull  solubility. 

Tartrate  of  iron  may  be  formed,  ciliicr  directly  by  acting  on 
metallic  iron  with  tartaric  ncid,  or  by  mingling  solutions  ol 
tartrate  of  potassa,  and  proto-sulphate  of  iron.  The  con^ 
pound  forms  lamellar  crystals,  which  are  sparingly  soluble 
ill  water.  By  exposure  to  air,  tlicy  pass  to  the  state  of  per- 
tarlrate. 

Tartrate  of  tin  has  not  been  examined. 

Tartrate  of  tin  and  potassa  may  be  formed,  by  boiling  oxida 
of  tin  in  solution  of  bi^tartrate  of  potassa.  It  is  very  saluU^ 
and  is  not  precipitated  by  alkalis,  either  pure  or  carbonated. 

Tnrtrotr  of  antitnony  and  potassa  has  already  been  described 
in  the  section  on  antimony. 

Tartrate  of  colnlt. — Tartaric  acid  dissolves  oxide  of  cobal^ 
ond  forms  a  red  crystal lizable  salt. 

Tartrate  of  bismuth  is  precipitated  as  an  insoluble  white 
powder  from  the  salts  of  bismuth. 
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Tariraie  of  copper  forms  a  blue  sediment,  on  dropping  tar- 
taric acid  into  sulphate  or  muriate  of  copper. 

Tariraie  of  lead  is  best  obtained,  by  adding  tartaric  acid  or 
Botnl  tartrate  of  potassa  to  acetate  of  lead.  It  is  an  insolu- 
ble white  powder,  and  is  constituted,  according  to  the  analysis 
of  BeneUus,  of 

Tartaric  acid .  •  •  •  37.5   .  •  •  •  1  atom  ;  •  •  •     66 
Protoaude  of  lead  63.5   ....  1  ditto  ....  I  If 
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Tariraie  of  mercury  is  an  insoluble  white  compound,  which 
becomes  yellow  by  exposure  to  the  light  A  triple  salt  may 
abo  be  obtained  by  boiling  in  water  six  parts  of  cream  of  tar- 
iff, and  one  part  of  oxide  of  mercury. 

PyrO'iarioric  Acid. 

When  tartaric  acid,  or  bi-tartrate  of  potnssa,  is  distilled 
aloDe  in  a  retort,  a  large  quantity  of  combustible  gas  escapes ; 
■1  acid  liquid  passes  over;  and,  towards  the  close  of  the  pro- 
cess, a  white  sublimate  appears,  and  concretes  on  the  top  of 
tile  retort.  The  acid  liquor,  when  evapornted,  also  deposits 
ciystals,  and  these,  as  well  as  the  sublimate,  arc  the  pyro-iar^ 
tmc  acid.  Its  taste  is  extremely  sour;  it  dissolves  readily  in 
water ;  and  furnishes  crystals  by  eva})oration ;  and  its  crystals, 
vben  heated,  first  melt,  and  then  sublime  in  a  white  smoke, 
leafing  no  residuum. 

The  watery  solution  does  not  immediately  precipitate  acetate 
of  lead  or  nitrate  of  mercury ;  but  from  the  former  solution, 
needle-shaped  crystals  are,  after  some  time,  separated.  Its 
oompound  with  potassa  immediately  decomposes  acetate  of 
Ifad,  but  does  not,  like  tartrate  of  the  same  base,  decompose 
tbe  lalts  of  baryta  and  lime ;  nor  does  it  form^  with  an  excess 
of  add,  a  difficultly  soluble  salt. 

From  these  characters,  which  differ  essentially  both  from 
thoie  of  tartaric  and  acetic  acids,  we  may  probably  consider 
the  pyro-tartaric  as  a  distinct  and  peculiar  acid.  (See  Ann.  de 
Chim.  Ixiv.  48,  or  Nicholson's  Journal,  xxvi.  44.) 
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Art.  5. — Benzoic  Add, 

This  acid  may  be  ubtainecl  from  a  substance  teriued  gum 
benzoin  or  benjamin.  It  was  formerly  procured  by  putting  a 
quantity  of  benzoin  coarsely  powdered,  into  an  earthen  jwt, 
ivhich  was  then  subjected  to  a  moderate  sand  heat,  l^he  ben- 
zoic acid  sublimed,  and  condensed  in  a  cone  of  thick  paper, 
with  which  the  pot  was  covered.  As  thus  obtained,  how- 
ever, it  was  stained  by  an  empyreumatic  oil.  A  better  pro- 
cess, invented  by  Scheele,  consists  in  pulverizing  n  pound 
and  a  half  of  gum  benzoin  with  four  ounces  of  quicklime,  and 
then  boiling  them  for  half  an  hour  in  a  gallon  of  water,  con- 
stantly stirring.  When  cold,  the  clear  liquor  is  poured  ofT; 
and  what  remains  is  I)oiled,  a  second  time,  in  four  pints  of 
water,  the  liquor  being  poured  off  as  before.  The  mixed 
liquids,  consisting  chiefly  of  benzoate  of  lime,  after  being 
boiled  to  one  half,  are  filtered  through  paper;  and  muriatic 
acid  is  gradually  added,  until  it  ceases  to  produce  a  precipitate. 
Finally,  after  having  decanted  the  li(|uid,  the  powder  is  dried 
in  a  gentle  heat,  and  sublimed  from  a  proper  vessel,  placeil  ia 
a  sand-bath,  into  cones  of  writing  paper. 

Benzoic  acid  is  found  also  in  storax^  balsams  of  Peru  and 
TolVf  vanilUty  c'mnnmon,  and  the  urine  of  several  graminivorous 
animals,  and  has  been  shown  by  Berzelius  to  be  the  charac* 
teristic  ingredient  of  tlie  acid  obtained  by  the  destructive  dis- 
tillation of  tallow.  Vogel  lately  met  with  it,  in  a  crystallized 
state,  between  the  skin  and  the  kernel  of  the  Tonquin  bean, 
and  in  the  flowers  of  the  Trifol'tum  meliloi  us  officinalis.  In  the 
latter,  Vogel  thinks  that  it  is  sufKciently  abundant,  to  be  ad- 
vantageously extracted  for  use.     (Annals  of  Phil.  xvi.  227.) 

Benzoic  acid  has  a  peculiar  and  not  disagreeable  odour; 
and  a  taste  in  which  nothing  of  acidity  can  be  discovered,  for 
it  is  rather  sweet  and  aromatic;  but  it  reddens  the  colour  of 
litmus.  Its  crystals  are  soft  and  ductile,  and  cannot  be  re- 
duced to  powder.  It  is  volatilized,  in  white  fumes,  by  a  mo- 
derate heat.  It  requires  for  solution  about  24?  times  its  weight 
of  boiling  water,  which,  as  it  cools,  lets  fall  ^-g^ths  of  what  it 
had  dissolved.     It  is  soluble  in  alcohol.     By  Jeaving  au  alco- 
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Mic  sdadon  of  it  to  evaporate  spontaneously,  it  shoots  into 
fine  crystals^  which  are  flat  oblique  prisms,  perfectly  tran- 
ipirefit,  and  frequently  an  inch  in  length,  and  the  twelfth  of 
m  indi  in  width,  but  so  thin  that  two  of  their  sides  are  scarcely 
peroqptible.  llie  angles  of  the  prism  are  109^  and  71  ^ 
[Qiarterly  Journal,  vi.  153.) 

The  composition  of  benzoic  acid  has  been  investigated  by 
Benelios  and  Dr.  Ure,  with  the  following  results : 

Carbon 74.41    66.74 

Oxygen 20.43    28.32 

Hydrogen   ••.•....     5.16    4.94 


100.»  lOO.t 

The  most  simple  view  of  the  constitution  of  benzoic  acid, 
fcmded  on  the  analysis  of  Berzelius,  would  represent  it  as 
cisrtitQted  of  5  atoms  of  carbon,  +  1  of  oxygen,  +  '2  of  hy- 
ingsa.  But  this  would  not  agree  with  the  equivalent  de- 
iicible  from  the  analysis  by  the  same  chemist,  of  benzoate  of 
U,  which  is  composed  of  93.61  protoxide  of  lead,  -f  100 
biDicacid;  numbers  to  which  112  and  119.64  are  propor* 
iaoL  On  the  supposition,  then,  that  neutral  benzoate  of  lead 
(ootaiDs  an  atom  of  each  ingredient,  the  equivalent  of  benzoic 
^U  119.64,  or,  in  whole  numbers,  120.  Now  this  agrees 
tiy  well  with  the  following  statement  of  the  constitution  of 
'ouoic  ccid : 

Carbon 15  atoms  ....  90    ....  75 

Oxygen 3   dilto    ....  24    ....  20 

Hydrogen  ....     6  dilto    ....     6    . .  • .     5 

120  JOO 

Dr.  Ure,  by  saturating  benzoic  acid  with  solution  of  annno- 
^deduccil  116  for  the  equivalent  of  that  acid,  which,  ac- 
CQrdin^  to  his  view,  consists  of 


•  Aim.  of  Phil.  V.  181.  t  Ure,  Phil.  Trans.  182«. 
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Carbon 13  atoms  •  • . .  78   • .  •  •  67.S4 

Oxygen 4   ditto    ....  32    ....  27.60 

Hydrogen ....     6  ditto   ....     6   ••••    5.16 


116  100. 

In  calculating,  howeveri  from  the  ultimate  analysis  of  the 
same  substance  by  different  persons,  it  appears  to  me  that  in 
general  those  results  arc  to  be  preferred,  by  which  the  largest 
proportion  of  carbon  is  indicated;  because  it  is  more  probable 
that  too  little  than  too  much  carbonic  acid  should  be  found  in 
the  products  of  combustion.  In  this  instance,  too,  Berzelius  re- 
marks that  the  volatility  of  the  benzoic  acid  renders  it  difficult 
to  prevent  a  small  quantity  from  escaping  decomposition. 

The  compounds,  which  this  acid  forms  with  alkaline  and 
earthy  bases,  called  lenzoales,  are  fully  described  by  Hiainger 
in  the  40th  volume  of  the  Philosophical  Magazine,  and  by 
Berzelius  in  the  90th  volume  of  the  Annales  de  Chtmie,  and 
those  with  metallic  bases  by  Tromsdorff,  in  vol.  xi.  of  that 
work.  A  few  of  the  latter  have,  also,  been  noticed  by  Mr. 
Faraday.     (Quart  Journal,  vi.  1.59.) 

Benzoale  of  ammonia  may  be  obtained  in  feather-shaped 
crystals,  which  are  very  soluble,  and  even  deliquescent,  lliis 
salt  has  been  recommended  by  Berzelius  as  an  excellent  re- 
agent for  precipitating  iron  from  its  solution,  which  it  throws 
down  of  an  orange  colour,  whereas  the  few  other  insoluble 
compounds,  which  this  acid  forms,  with  the  oxides  of  mercury, 
tellurium,  and  copper,  are  white. 

Bcfixoale  of  potassa. — The  neutral  benzoate  forms  feather- 
shaped  crystals,  which  are  soluble  and  deliquescent.  With 
an  additional  proportion  of  acid,  a  bi-benzoate  is  produced, 
which  crystallizes  in  small  plates  and  needles.  These  require 
ten  times  their  weight  of  water  for  solution,  redden  vegetable 
blues,  and  have  an  acid  sweetish  taste. 

Benzoale  of  soda. — Its  crystals  are  larger  than  those  of  the 
similar  salt  of  potassa,  and  effloresce  in  the  air.  They  are 
very  soluble  in  water, 

Benzoaie  of  lime  forms  white  shining  crystals,  requiring  20 
times  their  weight  of  cold  water  for  solution,  but  more  soluble 
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in  hot  water.     It  ejusts  in  the  urine  of  the  cow  in  considerable 
abundance. 
Bexooaie  of  banfia^  crystal! izable,  and  readily  soluble. 
Benzoaie  of  strontia^  little  known,  but  probably  soluble,  be- 
CMise  benzoate  of  ammonia  does  not  precipitate  muriate  of 
rtnmtia. 
Benzoaie  of  magnesia^  crystallizable,  and  easily  soluble. 
Benzoaie  of  alumina  has  a  sharp  bitter  taste,  is  soluble  in 
i&ter,  and  deliquesces  in  the  air. 

Benzoaie  of  manganese  forms  thin  prismatic  crystals,  which 
ne  colourless  and  transparent,  soluble  in  20  times  their  weight 
sf  water,  soluble  in  alcohol,  and  constituted  of  23.08  oxide, 
+  76.9S  acid. 

Benzoaie  of  zinc  exists  in  needle-shaped  crystals,  which  are 
■bUe  in  water  and  alcohol. 

Bemooaie  of  iron  is  an  orange  yellow  powder,  insoluble  in 
nler.  These  characters  apply  to  the  compound  formed  by 
idfing  benzoate  of  ammonia  to  solution  of  peroxide  of  iron  ; 
te  Tromsdorff  states  that  oxide  of  iron  is  readily  dissolved  by 
IB  acess  of  benzoic  acid,  and  forms  yellowish  crystals  which 
tre  soluble  in  water  and  in  alcohol.  (Ann.  de  Chim.  xi.  316.) 
Benzoaie  of  copper  forms  deep  green  crystals,  which  are  so- 
luble in  water,  but  not  in  alcohol. 

Benzoaie  of  lead. — Berzelius  describes  two  salts  of  lead, 
tke  neuiral  benzoate^  which  is  a  light  crystalline  powder, 
fuiBgly  soluble  in  water,  and  constituted  of  49.66  acid, 
4(^49  base,  and  S.85  water ;  and  the  suh-henzoaiey  formed  by 
tretting  the  first  mentioned  salt  with  solution  of  ammonia. 
The  latter  is  insoluble,  and  consists  of  26  aciil,  +  74  base. 
If  then  1  atom  of  acid  be  united  with  1  of  base  in  the  neutral 
nit,  we  have  in  the  sub-benzoatc  3  atoQis  of  base  to  1  of  acid. 
For  the  benzoates  of  other  metals,  as  they  are  of  less  im- 
portance! (he  reader  is  referred  to  the  sources  of  information, 
tbready  quoted. 

Art.  6. — The  Oxalic  Acid 

Is  found  native  in  the  juice  of  sorrel,  forming  a  bin* 
oulate,  and,  as  appears  from  the  experiments  of  Vauquclin, 
in  the  Rheum  Palmatum. 
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Art.  9. — Phosphoric  Acid 

Exists  in  almost  all  ve[|^table  substances,  and  particularly 
in  all  the  varieties  of  grain,  not,  however,  in  a  free  state,  but 
■  combiiuition  chiefly  with  potassa  and  lime.  Hence  the  coal 
sfalmost  all  kinds  of  seeds  affords  phosphorus  by  distillation, 
afKt  originally  observed  by  Margraaf,  and  confirmed  by  the 
eqperiments  of  Saussure.* 

Art.  10. — The  Pntwc  Acid 

Has  been  discovered  in  water  distilled  from  bitter  almondsi 
frooi  the  leaves  of  the  laurel,  and  from  peach  blossoms,  and 
fiom  the  bark  of  the  prunuspadm.  When  the  distilled  liquid  is 
mtralized  with  potassa,  a  crj'stullizable  salt  is  obtained,  the 
lohition  of  which  throws  down  prussian  blue  from  the  salts  of 
irao.  Vauquclin,  also,  obtained  prussic  acid  by  distilling 
witer,  with  a  very  gentle  heat,  from  the  kernels  of  apricots.t 

Art.  11. — Bolttic  Acid, 

This  acid  was  first  obtained  by  Braconnot,  from  the  juice 
of  the  boletus  pseudo-igiuirius.X  The  juice  was  boiled,  filtered, 
ind  evaporated  cautiously,  to  the  consistence  of  syrup.  This 
Vis  repeatedly  digested  in  alcohol;  the  insoluble  portion  was 
dioulvcd  in  water,  and  precipitated  by  nitrate  of  lead.  The 
vhite  precipitate,  thus  obtained,  was  mixed  with  water,  and 
decomposed  by  sulphureted  hydrogen  gas.  The  liquid,  being 
efaporated,  yielded  crystals  of  bolelic  acid. 

The  crystals,  when  purificil  by  solution  in  alcohol,  and  re* 
cijitallization,  are  wliite,  and  have  the  shape  of  irregular  four« 
sided  prisms.  They  reciuire  1 80  parts  of  w^ater  at  G8^  to  dis- 
lolTe  tbem«  and  45  parts  of  alcohol.  The  aqueous  solution 
reddens  vegetable  bluos,  precipitates  nitrate  of  lead;  and 
throws  down  the  peroxide,  but  not  the  protoxide  of  iron,  from 
its  solutions.  Nitrates  of  silver  and  mercury  afford  with  it  a 
white  precipitate. 


*  KicholsoD*s  Journal,  xxv.  279.         t  Annales  de  Cliemie,  ilv.  906*  • 
\  Thomsou's  AnnaU>  ii.  469. 
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With  the  alkalis  and  earths,  it  uuites,  and  forma  b  clasa  ol 
salts,  which  may  be  called  Melates. 

Akt.  12, — Zumic  Acid. 

An  acid  was  diGcovercd,  same  yciLrs  ago,  by  Britconiiol,  iD 
vegetable  substances,*  which  have  underftonc  llic  ncetoiM  fer* 
tnentation.  Ho  first  procured  it  from  rice,  which  had  bees 
left,  mixed  with  wiiter,  at  a  gentle  heat,  till  it  had  becoaft 
sour.  When  drained  in  a  woollen  ba^r,  n  liquid  passed  throUf^ 
which  gave  acetous  acid  by  distillation.  Continuing  the  evM 
poration,  almost  to  dryness,  a  gnnimy  snbstance  «as  Id^ 
having  a  decidedly  acid  taste.  This  was  digested  in  alcobii^J 
and  the  solution,  evaporated  to  the  consistence  of  syrup,  be- 
came a  granular  crystalline  mass  with  a  strongly  acid 
It  still,  however,  contained  a  salt  with  base  of  lime.  The  vs^\ 
cess  of  acid  was,  tliercrore,  neutralized  by  oxide  of  zinc ;  Ibe, 
(salt  obtained  was  decomposed  by  baryta ;  and  the  baryta  pr»>  j 
cipitatcd  by  sulphuric  acid.  The  liquor,  being  now  cnrfTuItj 
evaporated  to  a  syrup,  left  an  uncrystalltzablc,  almost  colourMi 
less,  acid,  nearly  as  strong  to  tlic  taste  as  the  oxalic.  | 

With  potnssa  and  soda,  thin  acid  f^ve  deliquescent  ssItSt' 
Bohible  in  alcohol ;  and,  with  ammonia,  a  crystal liznble  salfc 
It  formed,  with  lime,  a  salt,  which  re<{uired  21  limes  its  weight 
of  water  for  solution;  with  strontia,  a  salt  soluble  in  8  part* 
of  water;  with  baryta  a  gummy  substance;  and,  with  mag^ 
nesia,  small  granular  crystals,  which  were  nut  soluble  in  leM 
than  25  parts  of  water. 

Dr.  Tiiomson,  in  the  filh  edition  of  his  Syatem  of  Cbefldl^ 
ttj  proposed  for  this  acid  the  name  of  Zumic  Add,  from  Ckf«| 
iMven  ]  but  its  title  to  be  considered  as  a  distinct  compoMli 
haabeen  rendered  doubtful,  if  not  annulled,  by  the  «xperiL 
ments  of  Vogel,  who  finds  that  it  closely  resembles  the  laetili 
Mid  of  Sdieele  and  Berzelius.     (Ann.  of  Phil,  xii,  391.)       * 

Abt.  is. — Rheumw  Acid. 
A  new  acid  was  announced  by  Mr.  Henderson  ns  eshtll^ 
in  the  item*  of  garden  rhubarb ;  but  he  candidly  odmitted  the 

*  ae  Ann.  d«  Chim.  Bl, 
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potiibility  of  fiiliacy  (Thomson's  Ann.  viii.  247),  and  Lassaigne 
aiieTwards  proved  (Ann.  de  Cb.  et  Pbys.  viii.  402),  that  the 
opposed  new  acid  is  merely  the  oxalic,  united  with  some  im- 
parities, which  disguise  its  characteristic  pro))ertie8. 

Art.  14. — Khucjlcid. 

When  yellow  Peruvian  bark  is  macerated  in  cold  water,  and 
&e  infusion  concentrated  and  set  apart  for  some  time  in  an 
flpen  vessel,  a  salt  crystallizes  from  it  in  square  or  rbomboidal 
fhtes;  having  no  taste;  soluble  in  five  parts  of  cold  water; 
iad  insoluble  in  alcohoL     From  this  salt,  first  obtained  by 
M.  Deschamps,  jun.  of  Lyons,  Vauquelin  separated  the  lime 
Igr  oxalic  acid,  and  concentrated  the  remaining  liquor  to  the 
coBsiitcncy  of  a  syrup,  which  he  set  aside  for  a  week,  when, 
tt  touching  it  with  a  glass  rod,  it  crystallized  at  once  into 
ifCfgent  plates.     Its  colour  was  slightly  brown  ;  its  taste  ex- 
tnndy  acid  and  rather  bitter ;  and  it  was  readily  soluble  in 
nier.    It  is  distinguishable  from  other  vegetable  acids  by  its 
bmung  a  soluble  salt  witli  lime,  and  by  its  not  precipitating 
alter  or  lead  from  their  respective  solutions.* 

Beside  the  acids  which  have  been  described,  there  are  a 
fcv  others,  thetitlesof  some  of  which,  to  be  considered  as  dis- 
tinct compounds,  are  so  doubtful  that  it  may  be  sufficient 
■crdy  to  enumerate  them. 

The  meamic  acid  is  described  in  connection  with  the  sub- 
itmce^  morphia,  with  which  it  is  associated. 

The  isaguric  acid,  obtained  by  Pelletier  and  Caventou  from 
SLlgnatiuis  lean  {Ann.  de  Ch.  et  Ph.  viii.),  approaches  most 
nearly  in  its  properties  to  the  malic. 

The  ellagicacidy  obtained  by  Braconnot,  and,  it  should  ap- 
peir,  before  him,  by  Chevreul  (Ann.  de  Ch.  et  Ph.  ix.  229),  is 
i  tasteless  white  powder,  with  a  shade  of  buff.  Though  pro- 
cared  from  galls,  yet  it  differs  essentially  in  its  characters 
(fom  gallic  acid.  It  neutralizes  potassa,  soda,  and  ammonia, 
and  forms  witli  them  salts  difficult  of  solution.  When  heated, 
it  affords  a  crystalline  sublimate. 

*  Ann.  de  China,  lix.  162. 
VOL.  II.  O 
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SECTION  VI. 

Fixed  or  Fat  Oils. 

1 .  These  oils  are  obtained,  by  pressure,  from  certain  ve- 
getable seeds,  which  for  the  most  part  have  two  cotyledons,  as 
die  almond,  linseed,  poppy-seed,  rape-seed,  hemp-«eed,  &c* 
and  from  the  pulp  surrounding  the  stone  of  the  olive. 

2.  As  thus  obtained,  they  are  liquid,  almost  tasteless,  unctu- 
ous to  the  feel,  and  give  a  greasy  stain  to  paper,  which  heat 
does  not  remove.  They  are  generally  combined  with  muci* 
lage,  to  the  spontaneous  decomposition  of  which  is  chiefly 
owing  the  change  that  oils  undergo  by  keeping,  called  raf?a- 
dlly.  In  this  state  they  are  viscid,  and  contain  an  uncom- 
bined  acid,  which  reddens  vegetable  blue  colours. 

3.  They  are  usually  coloured,  but  may  be  deprived  of  colour 
by  digestion  with  animal  charcoal,  and  by  oxides  of  arsenic 
and  of  some  other  metals,  but  part  of  the  oxide  remains  united 
with  the  oil. 

4.  Their  specific  gravity  is  commonly  between  that  of  alco- 
hol and  water ;  generally  between  .890  and  .950,  but  varying 
in  different  oils  and  in  different  specimens  of  the  same  oil. 
Olive  oil,  for  the  most  part,  is  of  the  sp.  gr.  .913 ;  oil  of  almonds 
and  of  linseed  .932;  and  oil  of  palm  .968.  Hence  these  oils 
sink  in  alcohol,  and  float  on  the  surface  of  the  water.  They 
cannot,  by  strong  agitation,  be  brought  to  combine  with  water, 
but  always  separate  on  standing.  When  the  seeds,  however, 
which  contain  them,  are  rubbed  with  water,  especially  if  a  lit- 
tle sugar  be  added,  an  imperfect  solution  is  obtained,  called 
an  emulsion.  On  adding  an  acid  to  this,  the  oil  is  detached, 
and  floats  on  the  surface. 

5.  The  expressed  oils  of  linseed  and  of  olives,  Mr.  Brande 
finds,  are  very  sparingly  soluble  in  alcohol  of  specific  gravity 
.820.  Four  ounce  measures  of  alcohol  dissolve  a  drachm  of 
linseed  oil.  Castor  oil  is  perfectly  soluble  in  every  proportion 
in  alcohol  of  .820,  but  not  in  weaker  alcohol.* 


•  Phil.  Traoi.  1811,  p.  965. 
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€L  Four  ooMe  measnrei  of  ralphnric  ether  of  speiiific  gra- 
vitj  .7563  are  capable  of  dinolTing  a  fluid  ounce  and  quarter 
rfoilofalmonda;  a  fluid  ounce  and  half  of  oli?e  oil|  and 
ibnott  aoj  proportion  of  castor  oil.    (Brande.) 

?•  Some  of  the  fixed  oils  congeal^  or  become  solidy  by  a  Terjr 
■oderate  redaction  of  their  teibperatnre ;  and  others,  as  palsi 
sill  are  pennaneotly  thick,  or  form  a  ioft  solid  like  butter,  at 
Afc  temperature  of  the  atmosphere.  When  the  congealed  oil 
ii  sabjected  to  pressure  between  folds  of  blotting  paper,  a  solid 
iHsains  somewhat  resembling  wax,  to  which  Cherreyl  has 
§Blm  the  name  of  siedrm  f  and  the  paper  imbibes  a  fluid 
idafeh  he  has  called  eUntu  These  principles  will  bo  more 
i%  described  in  speaking  of  animal  oil,  in  which  the/  exist 
is  greater  abundance  and  more  distinctly  characteriied. 

8.  Thejr  unite  with  alkalis,  and  form  6oap«  The  soap, 
beerer,  which  is  commonly  manufactured  in  this  country,  is 
■sds  by  combining  the  fixed  alkalis  with  animal  tallow*  Of 
ihe  processes  followed  in  the  preparation  of  soap,  both  from 
wgetable  and  animal  oils,  an  excellent  description  is  giren  in 
Msmrs.  Aikin's  Chemical  Dictionary.  A  memoir  of  CheTreiil 
flBthe  Combination  of  Alkalis  with  Fat  may,  also,  be  con* 
tkhed  fai  the  88th  and  94th  volumes  of  the  AnnaUs  de  Ckimie^ 
ttd  in  the  16th  vol.  of  the  new  series  of  that  work*  A  valuable 
|aper  of  Colin  on  the  manufacture  of  hard  soap  is  contained 
is  the  8d  voL  of  AtmaUs  de  Chimie  el  de  Physique. 

Soap  is  readily  soluble  in  watef,  and  in  alcohol,  and  by 
gcmly  distilling  off  the  latter  solvent,  the  soap  is  recovered 
ii  i  Uransparent  state.  The  watery  solution  is  decomposed  by 
iQd%  and  by  neutral  salts  with  earthy  bas^s.  Hence  hard 
Viters,  which  contain  earthy  salts,  curdle  soap;  their  acid 
vitiog  with  the  alkali  of  the  soap,  and  setting  the  oil  at 
Aerty«  Wh^i  a  strong  solution  of  soap  is  mixed  with  one 
rfft  tnetallic  salt,  a  substance  is  formed,  termed  a  metallio 
^.  The  alkali  unites  with  the  acid  of  the  salt,  and  the  oil 
^h  die  metallic  oxide. 

9.  Fixed  oils  dissolve  sulphur,  and  form  a  kind  of  balsam. 
They  act  also  on  phoftphorns.  Both  these  substancesi  ^hen 
dinolYed  in  the  due  proportion  of  hot  oil,  crystalliae  on 
cooimg. 

C2 
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10.  The  properties  of  fixed  oils  are  chauged  by  boiling 
with  metallic  oxides,  those  of  lead  for  example.  The  muci- 
lage unites  with  this  oxide,  which  probably  gives  up  a  portion 
of  its  oxygen  to  the  oil,  and  the  oil  is  rendered  dryings  and 
fit  for  the  use  of  the  painter.  If  the  oxide  be  added  in  a 
larger  proportion,  the  mass,  when  cold,  composes  a  plaster. 

Oils  also  may  be  rendered  drying,  by  merely  keeping  them 
exposed  to  air,  but  the  change  is  effected  more  rapidly  by 
boiling  them  some  time  in  an  open  iron  pot,  which  gives  them 
a  higher  colour  and  greater  consistency.  For  some  purposes, 
they  are  occasionally  set  on  fire  while  boiling,  and  extin- 
guished by  covering  the  pot  This  deprives  them  of  their 
unctuosity  more  completely  th|m  any  other  method ;  and  it  is 
always  practised  with  oil  intended  for  printers'  ink. 

11.  Fixed  oils  do  not  boil  under  600^  Fabr.  An  inflam- 
mable vapour  arises  from  them  under  500^,  but  this  is  oon- 
densible,  and  when  rectified  is  highly  volatile  and  inflammable. 
It  does  not  appear  that  permanent  gases  are  generated  from 
oil  under  600^  Fahr. ;  but  at  that  temperature,  or  a  little 
above  it,  water,  and  olefiant  and  carbureted  hydrogen  gases, 
are  formed  abundantly,  with  small  proportions  of  acetic  acid, 
carbonic  acid,  and  carbonic  oxide.  Oil,  transmitted  through 
tubes  moderately  ignited,  is  wholly  changed  into  these. pro- 
ducts and  carbonaceous  matter. 

12.  Fixed  oils  are  extremely  combustible;  and  when  burned 
in  an  apparatus,  adapted  for  collecting  the  products  of  their 
•combustion,  they  afford  nothing  beside  carbonic  acid  and 
water.  It  may  be  inferred,  therefore,  that  they  contain  carbon 
and  hydrogen,  the  proportions  of  which,  according  to  the 
experiments  of  Lavoisier,  are  79  of  the  former  and  21  of  the 
latter.  From  this  statement,  however,  oxygen  is  exduded, 
which  it  is  certain  that  all  fixed  oils  contain ;  for  its  presence 
is  demonstrated  by  the  following  ex|)eriment  of  Sir  H.  Davy. 
When  ia  globule  of  potassium  is  introduced  into  any  of  the 
fixed  oils  made  hot,  the  first  product  is  pure  hydrogen,  which 
arises  from  the  decomposition  of  the  water  absorbed  by  the 
crust  of  potash  during  exposure  to  the  atmosphere.  If  the 
globule  be  previously  freed  from  this  crust,  carbureted  hy- 
drogen is  disengaged,  coaly  matter  deposited,  and  a  soap  ia 
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formed.  To  generate  tlie  alkali,  however,  which  this  soup 
oontains,  oxygen  must  necessarily  have  been  supplied  by  the 
decomposition  of  the  oil.  Sir  H.  Davy  has  also  found,  in  the 
products  of  their  destructive  distillation  by  heat,  a  proportion 
of  water,  to  the  production  of  which  oxygen  is  essential.* 
Additional  evidence  of  the  presence  of  oxygen  in  oil  has  been 
supplied  also  by  Gay  Lussac  and  Thenard's  analysis  of  olive 
oil,  which  they  find  to  be  composed  of 

Carbon 77.213 

Oxygen 9.427 

Hydrogen ^ 13.360 

100. 

The  analysis  may  be  differently  stated  as  follows  : 

Carbon 77.213 

Oxygen  and  hydrogen  i"  ihel  .    ^.^ 

proportions  to  form  water  j  ^^''^^ 

Excess  of  hydrogen. 12.075 

100. 
Olive  oil,  then,  probably  consists  of 

10  atoms  of  carbon 60  ....  76 

1  atom  of  oxygen 8  ....  10 

1 1  atoms  of  hydrogen •   11   ••««  14 

79  100 

Or,  supposing  each  atom  of  carbon  to  be  associated  with 
1  of  hydrogen,  it  will  contain  10  atoms  of  olefiant  gas,  +  1 
atom  of  oxygen  and  1  of  hydrogen,  the  two  latter  probably 
constituting  1  atom  of  water.  Hence  olive  oil  must  contain 
nine  tenths  of  its  weight  of  the  elements  of  olefiant  gas,  in 
due  proportions  to  form  that  aeriform  compound. 

13.  Nitric  acid  acts  with  great  energy  on  the  fixed  oils 
In  a  small  proportion,  its  chief  effect  is  to  render  them 
thicker.  When  distilled  with  a  larger  proportion  of  acid,  the 
oil  is  decomposed,  and  nitrous  gas  disengaged ;  oxalic  acid 


*  Philosophical  Traof actions,  1808. 
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remaining  in  the  retort  Red  and  smoking  nitric  acidy  when 
suddenly  minted  with  a  fixed  oil,  especially  with  the  additioii 
of  a  Utile  sulphuric  acid,  occasions  a  violent  combnatioii* 
Chlorine  gas,  passed  through  fat  oils,  thickens  them,  and  rea- 
ders them  tenaoious  like  wax.  jicid  soap  is  best  formed  bj 
uniting  concentrated  sulphuric  acid  with  oih  It  lathers  with 
water  like  common  soap,  but  can  scarcely  be  considered  as  a 
permanent  compound,  and  is  of  no  practical  use. 

14.  The  fixed  oils  have  a  singular  property,  which  has  led 
sometimes  to  serious  accidents.  When  mixed  with  lamp 
black,  or  with  any  light  kind  of  charcoal,  and  even  with  se- 
veral vegetable  substances,  as  cotton-wool,  or  flax,  the  mix- 
ture, after  some  time,  heats  spontaneously,  and  at  length 
bursts  into  flame.  This  spontaneous  combustion  has  some- 
times been  observed  to  take  place  in  the  waste  cotton,  which 
has  been  employed  to  wipe  oil  from  machinery,  and  been 
thrown  aside  for  a  few  houi's.  It  has  probably  occasioned 
many  of  the  calamitous  fires,  which  have  happened  in  cotton- 
mills,  and  for  which  no  adequate  cause  could  be  assigned."^ 


SECTION  VII. 

Volatile  or  Essential  Oils, 

With  the  exception  of  the  oil  from  the  rinds  of  the  lemon 
and  the  orange,  which  are  obtained  by  expression,  the  essen- 
tial oils  are  procured,  by  distilling  the  vegetables  thot  afford 
them,  with  a  proper  proportion  of  water.  The  oil  either 
sinks  to  the  bottom,  or  swims  on  the  surface  of  the  water, 
according  to  its  specific  gravity.  If  the  distilled  water  be 
very  long  kept,  Bucholz  finds  that  the  oil  is  converted  into 
mucilage. 

I.  These  oils  have  a  penetrating  and  often  a  frngrant  smell, 
and  an  acrid  taste  which,  however,  is  in  nmny  cases  agreeable 
when  they  are  suflicicntly  diluted.     Their  colours  vary  ex- 


•  See  Juurnnl  of  Science;  kc,  t,  367. 
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edin^y,  not  only  in  different  oils,  but  in  the  same  oil  ao- 
irding  to  itm  age. 

9«  They  are  volatilized  by  a  heat  below  212^  Fahr.  Hence 
he  spot,  which  they  leave  on  paper,  may  be  removed  by 
ibUing  it  at  a  small  distance  from  the  fire ;  but  the  stains 
heai  expressed  cnis  are  permanent  In  this  way,  their  adul* 
tanidon  with  fixed  oils  may  be  detected. 

8.  They  can,  with  difficulty,   be  brought  to  unite  with 

dkalis;  and  seem  indeed  to  resist  combination  with  those 

\me^  until   by  oxygenation  they  are  converted  into  resin* 

HcBoe  the  necessity  for  the  long  and  tedious  trituration  of 

Aati  with  oil  of  turpentine^  which  is  required  to  form  the 

iBBipoand  called  Siorkey^s  soap. 

4.  They  are  all  soluble  in  alcohol,  but  in  different  pro« 

i    pMtioDs. 

t.  They  do  not  unite  with  water.  With  the  intervention 
•f  a  litde  sugar,  however,  they  are  combinable,  in  small  pro- 
fortioD,  with  water. 

&  When  nitric  acid  is  poured  upon  these  oils,  especially 
if  it  has  been  previously  mixed  with  one  fifth  or  one  sixth  of 
solphuric  acid,  the  mixture  bursts  into  a  violent  flame.  This 
experiment  requires  caution,  as  the  inflamed  oil  is  apt  to  be 
scattered  about. 

7.  Several  of  them  detonate,  when  rubbed  with  chlorate 
of  potassa,  and  take  fire  when  poured  into  chlorine  gas. 

8.  Essential  oik  are  thickened  by  long  exposure  to  air. 
This  is  owing,  as  Dr.  Priestley  first  proved,  to  their  absorbing 
oxygen,  a  fact  which  accounts,  in  some  degree,  for  the  inju- 
noQs  effects  of  fresh  painted  rooms.  But  they  also  undergo 
i  material  change  when  exposed  to  the  light  in  close  vessels ; 
tbeir  colour  deepens ;  they  become  more  consistent  and  even 
uictaons;  and  their  specific  gravity  is  increased.  In  this 
case  too,  the  absorption  of  oxygen  probably  takes  place,  for 
the  change  is  more  complete,  the  more  air  is  included  in  the 
'vessel,  with  the  oil. 

9.  Potassium  decomposes  the  volatile  oils  when  heated. 
Alkali  is  formed ;  a  small  quantity  of  gas  is  evolved ;  and 
charcoal  is  deposited. 

10.  When  digested  with  sulphur  they  unite  with  it,  forni^ 
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uig  what  have  been  called  balsams  of  sulphur,  Tbeoe,  when  i 
tieated  strongly,  give  a  large  quantity  of  sulphiireled  bydrogen  i 
gas.  , 

11.  Essential  oils  dissolve  pliospliorus  at  a  digesting  hesL  j 
When  I  part  of  pliosiphorus  and  10  of  camphor  are  triiuratod  \ 
together,  and  then  dissolved  in  oil  of  cloves  or  some  oUier  { 
essential  oil,  a  permanent  solution  is  obtained  called  ^^uirf  j 
phospkoTttt,  which  renders  every  thing  that  is  rubbed  with  it  \ 
luminous  without  causing  combustion.  ( 

One  of  the  most  useful  and  abundant  of  the  CBsential  chU   \ 
is  that  of  turpentine,  called  commonly  spirit  of  liirprntme.    It 
is  obtained  by  distilling  tui-pentinc  and  water,  in  due  prc^br-    t 
tions,  from  a  copper  alembic.     It  Is  perfectly  hmpiil  and  C9-    \ 
lourlcss,  has  a  strong  smell,  a  bitterish  taste,  boils  at  316°,  and 
is  extremely  inflammable.     It  is  the  solvent  which  is  employed 
ill  making  a  variety  of  varnishes,  but  for  purposes  of  nicety  it    ; 
retjuires  to  be  rectified  by  a  second  distillation. 

Ur.  Ure  analyzed  a  specimen  of  sp.  gr.  O.tJHS,  and  fouitd  it 
to  be  composed  of 

Carbon  1+  atoms 8+ 82.35 

Hydrogen  10  Hloms. ...    10 !J.80  ■ 

Oxygen  J  atom S 7-85  *^^ 

lOS  100. 

When  purified  by  alcohol,  it  had  the  sp.  gr,  0.878,  and 
appeared  to  be  compounded  of  carbon  and  hydrogen  onlj, 
wkI  to  approach  veiy  nearly  to  the  constitution  of  naphthiu 
(niil  Trans.  18SS.) 

Camphor. 

Camplior  is  a  white,  semi-transparent,  and  highly  inButt* 
nabie  solid,  which  tn  some  properties  resembles  esseuUaJ  cula. 
It  is  obtained  from  the  lauriK  camp/iora,  in  Japan,  and  other 
places  in  the  East,  by  distilling  the  wood  along  with  water. 
After  lieing  brought  to  Europe,  it  is  refined  by  a  second  sob* 
liraation  in  vessels  of  glass,  whose  shape  it  takes.  In  this 
state  it  has  n  crystalline  fracture,  is  brittle,  has  an  aromatic 
odour,  and  a  hot  acrid  taste.     Its  specific  gravity  is  OittiS. 

Camphor  melts  at  268°  Fahr.,  and  boils  at  400°.    It  ia 
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ftdW^  and  eraporates  spontaneously,  and  condenses  in  the 
XT  part  at  any  glass  vessel  in  which  it  is  kept,  in  faexa* 
nal  pUtes  or  pyramids. 

It  ia  inaoluble  in  water,  but  communicates  its  flavour  to 
A  water  when  triturated  along  with  it,  especially  if  a  little 
^pr  be  added.  It  is  soluble  to  a  considerable  extent  in 
Ifiobol,  which  takes  up  3-4ths  of  its  weight.  On  adding 
nter,  the  canaphor  is  again  precipitated.  It  is  soluble  also 
\x)tti  in  fixed  and  volatile  oils,  and  in  strong  acetic  acid. 

Sulphoric  acid  was  found  by  Mr.  Hatchett  to  produce  a 
eomplete  decomposition  of  camphor,  and  to  convert  it  into 
Asrcoal,  a  yellow  oil,  and  a  blackish  brown  resin  analogous 
toirtificial  tan.  (Phil.  Trans.  1805.) 

By  the  action  of  nitric  acid,  camphor  is  acidified.    For  this 
pvpose^  camphor  is  to  be  repeatedly  distilled  with  four  times 
kiwdght  of  nitric  acid,  till  about  20  parts  of  acid  have  been 
anployed.      At  each  operation,   the  portion  of   camphor, 
vhich  sublimes  and  escapes  decomposition,  is  to  be  returned 
into  the  retort.     The  acid  is  susceptible  of  crystallization ; 
the  crystals  effloresce  in  the  air,  and  arc  soluble  in  100  times 
their  weight  of  cold,  or  in  11  tiaies  their  weight  of  boiling 
water;  they  are  combustible;  and  bum  with  a  dense,  aro- 
matic smoke;  they  melt  and  sublime  with  a  gentle  heat,  and 
disioiyc  in  the  mineral  acids.     They  dissolve  also  in  about  six 
times  their  weight  of  cold  alcohol,  or  to  any  amount  in  boiling 
alcohol;  and  are  not  precipitated  by  water.     With  alkalis 
iod  earths  they  compose  a  class  of  salts  called  camphorates. 
Fifty  grains  of  the  acid  are  saturated  by  ^8  of  carbonate  of 
fime  =  15.7  pure  lime. 

The  ultimate  analysis  of  camphor  has  been  performed  by 
Dr.  Ure,  who  represents  its  constitution  as  follows : 

Carbon 10  atoms  ....  60 78.02 

Oxygen 1  atom    • .  •  •     8 10.40 

Hydrogen 9  atoms  ....     9  •..•••  II .58 

77  100. 

A  singular  substance,  very  much  resembling  camphor  in 
*^  sensible  and  chemical  properties,  mav  be  obtained  by  pass- 
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ing  muriatic  acid  gas   through  essential  oil  of  turpentine^ 
which  absorbs  about  a  third  of  its  weight.    The  oil  of  tur- 
pentine becomes  thick,  from  an  abundance  of  a  white  cryi- 
talline  substance  which  forms  in  it.    This  may  be  separated 
by  draining  off  the  liquid ;  and  is  found  rather  to  exceed  the 
weight  of  the  essential  oil  submitted  to  experiment.^     It  it 
white,  crystalline,  granular,  volatile  in  a  moderate  heat,  and 
has  very  much  the  smell  of  camphor.     By  exposure  to  the 
air,   it  soon  loses  its  property  of  reddening  vegetable  bine 
colours*    As  to  the  theory  of  its  production,  Thenard  is  of 
opinion  that  no  decomposition  of  the  oil  of  turpentine  takes 
place ;  but  that  the  muriatic  acid  unites  to  it  entire.  Ordinary 
camphor  of  commerce,  he  supposes,  from  analogy,  to  be  m 
compound  of  an  essential  oil  and  a  vegetable  acid. 


SECTION  VIII. 

Resins. 

Resins  arc  the  inspissated  juices  of  certain  plants,  and  are 
generally  obtained  by  wounding  their  bnrk.  Copal,  or  lac, 
may  be  taken  as  an  example.  Dragon's  blood,  guaiacum, 
mastick,  eleuii,  anime,  tacamahac,  sandaracb,  labdanum,  resin, 
and  turpentine,  arc  also  varieties  of  this  substance.  Common 
resin,  or  rosi/ty  is  the  substance  wliich  remains  after  the  distil- 
lation of  turpentine. 

1.  Resins  have  generally  a  yellow  colour,  and  are  imper- 
fectly transparent.  In  specific  gravity  they  exceed  water.  Tliat 
of  rosin  is  1.080. 

2.  They  are  dry,  brittle,  and  extremely  inflammable,  and 
emit  during  combustion  a  copious  and  dense  smoke. 

3.  All  the  resins  arc  fusible.  Common  rosin  melts  at  156°, 
and  assumes  the  consistence  of  turpentine.  If  the  heat  be 
increased  it  swells  up,  and  becomes  filled  with  bubbles,  owing 
to  a  quantity  of  water  and  probably  of  essential  oil  which  are 


•  Tliciianl,  Mcinoircs  d'Arcucil,  ii. 
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vditfliiBd.  At  856^  it  becomes  quite  fluid,  and,  if  kept  long 
enoogfa  at  that  temperature,  it  loses  all  its  water,  and  concretes 
into  a  reddish  yelloir  resin,  (Thomsons  Ann.  of  Phil,  xv.) 

4.  Resins  dissolve  in  alcohol^  ether,  and  essential  oils ;  but 
not  at  all  in  water,  which  even  precipitates  them  from  the 
fingmng  solvents.  Of  common  rosin,  alcohol,  sp.  gr.  0.835, 
^solves  l-8th  of  its  weight  at  60°  temperature. 

5.  Both  acids  and  6xed  alkalis  act  on  resins;  the  pure 
dkslis  most  remarkably.    The  alkaline  solution  is  clear,  and 
my  be  diluted  with  water  without  decomposition ;  but  acids 
inmediately  precipitate  the  resin.     By  mixing  it  with  a  solu- 
tioQ  of  a  metallic  salt,  the  oxide  is  precipitated  in  combination 
vith  resin.    Alkaline  carbonates  also  dissolve  resin  when 
hnled  along  with  it.    The  alkaline  solutions  have  the  pro- 
perties of  soap.     Into  common  brown  soap,  indeed,  a  portion 
of  resin  always  enters  as  an  ingredient.    Ammonia  apts  but 
fcebly  as  a  solvent  of  these  bodies. 

6.  By  long  continued  and  repeated  digestion  with  nitric 
add,  the  resins  a£Pord  a  deep  yellow  solution,  which  has  the 
property  of  precipitatiQg  animal  gelatine,  and  ngreis»  there- 
ore,  with  tannin.  No  oxalic  acid  is  obtained  by  this  process, 
a  circumstance  which  distinguishes  the  resins  from  all  other 
Tq;etable  substances.  (Hatchett,  Phil.  Trans.  1805.) 

7.  Concentrated  sulphuric  acid  dissolves  the  powdered 
i^ins.  If  the  solution  be  digested  in  a  moderate  heat,  sul- 
phurous acid  is  first  evolved ;  in  a  few  days  this  ceases ;  and 
a  black  porous  coal  remains,  equal  to  from  40  to  70  p€r  cent. 
of  the  weight  of  the  resin  which  has  been  employed ;  whereas, 
by  incineration  in  close  vessels,  little  more  than  xi-y^h  part 
^ir  weight  of  coal  is  obtained.  In  the  latter  case,  the  char- 
^  is  carried  off  in  combination  with  hydrogen. 

Acetic  acid  dissolves  resins,  which  are  precipitated  from  it 
by  the  addition  of  water. 

8.  Resins  are  the  basis  of  varnishes,  and  arc  much  used  in 
medicine. 

There  is  a  remarkable  want  of  agreement  between  different 
statements  of  the  composition  of  the  same  kind  of  resin^ 
arising,  probably,  from  actual  differences  of  the  substance 
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acid  18  formed.    After  being  melted,  it  becomes  soluble 
in  linseed  oil,  and  forms  amber  varnish. 

By  distillation  per  se  it  yields  a  distinct  acid,  called  Ibe 
succhuc. — ^To  prepare  this  acid,  let  a  glass  retort  be  half 
filled  with  powdered  amber,  and  the  remainder  with  fine  diy 
sand.*  Lute  a  receiver,  and  apply  a  gentle  heaL  A  porUon 
of  water  first  comes  over,  which  is  succeeded  by  a  weak  acetic 
acid.  The  succinic  acid  then  sublimes ;  but  is  contaminated 
by  a  mixture  of  oil.  It  may  be  purified  by  solution  and  crya* 
tallizations  and  it  then  forms  transparent  white  shining 
crystals,  having  the  form  of  triangular  prisms.  They  are 
soluble  in  24  times  their  weight  of  water,  and  in  boiling 
alcohol.  The  solution  reddens  the  blue  colour  of  turnsole* 
but  not  that  of  violets,  and  has  an  acid  taste.  It  combines 
with  alkalis,  See,  and  forms  succinates,  the  most  important  of 
which  is  the  succinate  of  ammonia.  This  salt  decomposes  all 
the  solutions  of  iron ;  and  affords  an  insoluble  precipitate 
composed  of  succinate  of  iron.  Hence  it  is  highly  useful  ia 
the  analysis  of  mineral  waters. 

Berzelius  states  the  composition  of  the  succinic  acid  as 
follows : 

Hydrogen..  4.512  ....  =  2  atoms,...  2 
Carbon  ....  47.600  . , . .  =  4  ditto  ....  24 
Oxygen    . . .  47.888  ....   =   3  ditto    ....  24 

1  OO.t  50 

By  experiments  on  its  compound  with  peroxide  of  iron. 
Dr.  Thomson,  also,  deduces  50  to  be  the  equivalent  of  suc- 
cinic acid. 

Succinate  of  potassa  crystallizes  in  three  sided  prisms.  It 
ia  bitter,  very  soluble,  and  deliquescent, 

Succ'mate  of  soda  forms  beautiful  transparent  crystals,  which 
have  a  bitter  taste,  arc  not  deliquescent,  and  are  less  soluble 
than  the  foregoing  salt. 

Succi?ia(c  of  ant mojiici  docs  uot  readily  crystallize,  but  may 


•  Useful  directions  for  this  process  arc  giren   by  Robiqupt  and   Coliii> 
Ann.  de  Cliim.  et  Phys.  iv.  320.     See  also  Aon,  of  Phil.  xr.  308. 
t  ^4  Ann.  dc  Cbiin.  109. 
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Carbou.         Oiygen.       Hydrogen, 
Gay  Lussac  and  Thenanl  •  •  •  76.811  ..  10.606  ..  1S.58S 
Dr.  Ure,  from  cncperiment  ••  75.         ..  12.50     ..  12.50 
Ditto,  from  theory 80.S0     ..lO.Si     ••     9.S6 

In  the  theoretical  view,  the  carbon  is  increased,  on  accoant 
of  the  diflicnlty  which  was  experienced  in  burning  it  com- 
pletely by  peroxide  of  copper.  Thus  modified,  its  constitution 
may  be  represented  by  10  atoms  of  carbon  +  1  of  oxygen  + 
7  of  hydrogen,  and  its  equivalent  by  the  number  75. 

Native  balsams  are  liquid  resins,  holding  in  combination  a 
proportion  of  Benzoic  acid.* 

Gum  resins,  along  with  resin,  have  an  admixture  of  ex« 
tractive  matter.  They  dissolve  partly  in  water,  and  partly  in 
alcohol.  Xhey  are  almost  solely  used  in  medicine.  Asafoetida, 
gnm-ammoniac,  aloes,  gamboge,  myrrh,  opium,  &c.,  are  va- 
rieties of  (ram-resin.t 

Guaiacttm  was  observed  by  Mr.  Hatchett  to  differ  firom 
other  resins  in  giving  oxalic  acid  by  the  action  of  nitric  acid, 
and  very  little  tannin.  In  other  respects,  also,  it  has  been 
nice  shown,  by  Mr.  Brande,  to  possess  properties  that  do  not 
agree  with  those  of  resins  in  general.  (Phil.  Trans.  1806.) 

Amber  is  a  resin  possessed  of  peculiar  properties.     It  is 
found  in  some  places  beneatli  the  surface  of  the  earth,  and  in 
others  on  the  sea  coast.     It  is  hard,  brittle,  nearly  trans- 
parent,  sometimes  almost  colourless,  but  generally  of  a  pe- 
culiar yellow  colour,  which  has  been  called  amher  yellow.    Its 
qpe^fic  gravity  is  1.065  ;  it  is  insoluble  in  water ;  but  alcohol 
by  long  digestion  takes  up  about  l-8th  of  the  amber,  and 
ibrms  a  solution  which  is  rendered  milky  by  adding  water. 
The  residue  is  not  soluble  in  alcohol.     Amber  is  soluble  in 
boiling  solution  of  potossa,  and  after  a  length  of  time  in  alka- 
line carbonates. 

Weak  acids  do  not  act  on  amber.     Sulphuric  acid  converts 
it  into  a  black  resinous  mass.    Nitric  acid  dissolves  it,  but  no 


*  See  69  Ann.  de  Chim.  393. 

f  The  reader,  who  maj  wish  for  further  inforroation  respecting  the  giiQ»- 
resiiiSy  maj  consult  Braconnot's  Memoir  in  the  28th  vol.  of  Nicbolsouli 
Journal;  and  Pelietier's  in  the  UOtli  toI.  of  Annale)  deCbiraie. 
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the  state  of  fine  powden  or  the  root  well  rasped,  is  to  be 
washed  with  a  quantity  of  cold  water,  which  becomes  turbid ; 
and,  if  the  fecula  is  white,  milky.  The  fecula,  however,  is 
not  dissolved,  but  merely  suspended  mechanically ;  and,  after 
separating  the  fibrous  and  grosser  parts  by  a  sieve^  it  subskles 
to  the  bottom  of  the  vessel.  The  liquid,  which  contains  the 
soluble  parts  of  the  vegetable,  is  to  be  decanted,  and  the 
farina  to  be  washed  by  repeated  affusions  of  cold  water.  It 
may,  afterwards,  be  dried  in  a  gentle  heat. 

When  starch  is  prepared  in  the  large  way,  the  grain  itself 
IS  steeped  in  water,  till  it  becomes  soft,  and  yields  a  milky  fluid 
on  pressure.  It  is  then  put  into  coarse  sacks,  which  are 
strongly  pressed  in  vats  filled  with  water.  The  sacks  are  then 
removed,  and  the  starch  subsides  to  the  bottom.  Being  suf- 
fered to  remain  some  time,  the  supernatant  fluid  ferments,  and 
acetous  acid  is  formed,  which  dissolves*  the  impurities,  and 
leaves  only  the  starch.  The  process  is  fully  described  in  the 
29th  vol.  of  the  Phil.  Magazine.  On  drying,  the  starch 
splits  into  columnar  masses  of  a  small  size,  but  forming  prisms 
of  considerable  regularity. 

From  the  analysis  of  Dr.  Pearson*  we  learn  that  100  parts 
of  the  fresh  potato  root,  deprived  of  skin,  aflbrd 

Water 68  to  72. 

Meal 32  to  28 

100.     100. 
The  meal  is  composed  of  three  distinct  substances ;  viz. 

Fecula 15  to  17 

Fibrous  matter 8  to     9 

Extract  or  mucilage 5  to     6 

28         32 

Some  useful  information  respecting  the  quantity  of  starch 
in  different  varieties  of  the  potato,  and  the  methods  of  sepa- 
rating  it,  has  been  given  by  Mr.  Skrims!ure  in  the  21st  vol. 

*  Repertory  ofArts,  iii.  383.    The  analysis  of  several  varieties  of  tlif 
potato  by  Lamp^dius  may  be  seen  in  Thoipson's  Annals,  v.  39.. 
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of  Nicbohop**  JonmaL  In  this  root,  according  to  Dr.  Pe«^ 
chier,  it  is  accompanied  also  by  Bu^rar.  (Ann.  of  Phil.  xii. 
SSf .)  The  proportion  of  starch  in  sound  and  unsound  grain, 
aid  the  cauaea  of  unsoundnesa  in  corn  and  flour,  have  beea 
aUr  ioTeatigBted  by  Mr.  £.  Davy,  in  a  memoir  published  in 
Ae  49th  volume  of  the  Philosophical  Magazine.  Of  rice^ 
tech  constitiitesy  according  to  Braconnot,  from  83  to  85  per 
cnt* 

Common  atarch,  diough  not  absohitely  free  from  gluten, 
Baj  be  taken  as  a  fair  example  of  this  substance.  It  will  bo 
fand  to  have  the  following  qualities : 

L  It  ia  not  aoloble  in  water,  nnless  when  heated  to  160° ; 
ad  if  the  temperature  be  raised  to  180^,  the  solution  coagup* 
klB  into  a  thick  tenacious  transparent  jelly.  By  evaporation 
Its  low  heat,  this  jelly  shrinks,  and  at  length  forms  a  trans* 
pent  brittle  substance  closely  resembling  gum.  The  solution 
tf tech  in  a  large  quantity  of  water  is  precipitated  by  Gou- 
Wli  extract  of  lead ;  but  not  by  any  other  metallic  salt. 
Ik  watery  solution  of  starch,  when  left  exposed  to  the  air, 
koooQes  mouldy  and  sour,  probably  in  consequence  of  the 
podoction  of  acetic  acid. 
1  Starch  is  insoluble  in  alcohol  and  in  ether. 

3.  Pure  liquid  alkalis  act  on  starch,  and  convert  it  into  a 
tnwsparent  jelly.  The  alkaline  compound  is  soluble  in  al- 
cohol. It  is  decomposed  by  acids,  and  the  starch  is  recovered. 

4.  Sulphuric  acid  dissolves  staVch  slowly ;  sulphurous  acid 
is  evolved ;  and  so  much  charcoal  is  disengaged,  that  the 
vessel  may  be  inverted,  without  spilling  its  contents.  Diluted 
sulphuric  acid  has  no  action  on  starch. 

5.  Concentrated  nitric  acid,  at  the  temperature  of  the  at- 
mosphere, acts  on  starch,  and  dissolves  it;  but  no  oxalic 
Mid  appears  subsequently,  unless  the  mixture  be  heated. 
Hot  nitric  acid  is  decomposed  by  starch,  and  oxalic  acid  is 
generated. 

6.  A  solution  of  one  part  of  starch  in  SO  parts  of  water  is 
JHH  affected  by  lime  water,  nor  by  strontitic  water,  but  barytic 
water  occasions  a  copious  white  flakey  precipitate^  which  is 


*  Ann.  de  Chim.  et  Phys.  ir.  363. 
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redissolved  by  adding  muriatic  acid  in  excess.      Silicated 
potassa  effects  no  change  in  solution  of  starch. 

7.  Starch  is  dissolved  by  a  hot  infusion  of  nut  galls,  but  as  the 
solution  cools,  it  becomes  opake,  and  deposits  a  curdy  precipi- 
tate, which  is  again  dissolved  by  a  heat  of  120^  Falir.  and 
deposited  again  on  cooling.  This  precipitate  is  composed  of 
tan  and  starch,  which  seem  capable  of  uniting  in  several  pro- 
portions. Its  alternate  solution  by  a  temperature  of  120^, 
and  re-appearance  on  cooling,  Dr.  Thomson  considers  as 
characteristic  of  starch.     (System  of  Chemistry,  iv.  71.) 

Starch,  as  it  exists  in  grain,  is  spontaneously  conyertiUe 
into  sugar.  On  this  property  is  founded  the  process  of  malt- 
ing. 

The  grain,  from  which  malt  is  most  commonly  prepared^ 
is  barley.  In  this  grain,  Proust  has  discovered,  beside  the 
ingredients  of  wheat,  a  peculiar  substance,  nearly  resembling 
saw-dust  in  its  external  characters,  to  which  he  has  given  the 
name  of  hordeiru*  This  substance  may  be  separated  from 
starch  by  the  action  of  hot  water,  in  which  it  is  quite  inso- 
luble. During  the  process  of  malting,  its  proportion  is  con- 
siderably diminished,  and  it  appears  to  be  partly  converted 
into  sugar,  or  into  starch,  as  will  appear  from  the  following 
comparative  analysis  of  malted  and  unmalted  barley. 

In  100  parts  lu  100  parts 

of  barley.  ofmnlt. 

llesin 1 1 

Gum 4* 15 

Sugar 5 15 

Gluten 3 I 

Starch 32 56 

Hordein 55 12 

It  appears,  then,  that  the  formation  of  malt  consists  in  the 
increase  of  gum,  sugar,  and  starcl),  and  the  diminution  of 
gluten  and  hordein.  The  starch,  that  remains  after  malting, 
is  found  changed  in  its  properties;  for  it  does  not  as  before 
yield  a  viscid  paste,  capable  of  gelatinizing  on  cooling.  TThe 
process  of  malting  is  not,  however,  essential  to  the  produc- 

•  Ann,  de  Chim.  et  Plivs.  v.  3S7. 
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tioD  of  alcohol  from  grain ;  for  in  the  Scotch  distilierics  it  has 
loDg  been  common  to  use  a  large  proportion  of  unmalted 
htficy ;  and  M.  Clement,  by  direct  comparative  experiments, 
obliined  equal  quantities  of  alcohol  by  fermenting  the  infu- 
■OIK  of  equal  weights  of  malted  and  of  unmalted  grain.* 
A%  howeTcr,  the  proportion  of  crude  grain  is  increased,  the 
fracesB  appears  to  become  more  and  more  delicate,  and  the 
induction  of  alcohol  is  more  liable  to  be  interrupted  by  the 
Hetous  fermentation.  The  practicability  of  converting 
tech  at  once  into  alcohol,  without  passing  through  the  inter- 
■riiate  state  of  sugar,  is  proved  also  by  the  large  proportion 
rf  alcohol  which  may  be  obtained  by  fermenting  potatos, 
SS5 pounds  of  ^hich  yield  about  34  pints  of  alcohol,  sp.  gr» 
OidSS.  (Ann.  de  Chim.  et  Phys.  xiii.  288.)  The  spirit  ob* 
tfned  from  unmalted  barley  has  a  peculiar  odour,  which  is 
mg  to  its  holding  in  solution  a  yellow  solid  oil,  separable  by 
ORcbl  distillation  f  of  the  alcohol. 
The  loss  of  weight  sustained  by  grain  in  malting,  which 
AiOQst  states  at  one  third,  Dn  '^Thomson  asserts  is  greatly 
Mer-nited,  and  that  it  did  not,  on  an  average  of  50  processes, 
Ctfried  on  under  his  inspection  upon  a  large  scale,  exceed  one 
ftk.  The  hordein  of  Proust,  he  considers  as  starch  under 
^e  modification,  which  is  changed,  by  malting,  partly  into 
^starch,  and  partly  into  sugar. :|: 

Another  method  of  converting  starch  into  sugar  was  dis- 
covered by  M.  Kirchoff  of  St.  Petersburg.  The  change  is 
^Sected  by  the  action  of  diluted  sulphuric  acid,  when  boiled, 
^  many  hours,  with  starch  and  water.  The  process  has 
been  successfully  repeated  by  several  persons,  and  among  the 
«st  by  M.  Vogel  §  and  by  Dr.  Tuthill  of  London.  ||  The 
lito  digested  a  pound  and  half  of  potato  starch  (obtained 
iioin  8|-  pounds  of  potatos)  six  pints  of  distilled  water^  and  a 
fiirter  of  an  ounce  by  weight  of  sulphuric  acid,  in  an  earthen 
Vttsel,  at  a  boiling  heat ;  the  mixture  being  frequently  stirred, 
vuikeptat  an  uniform  degree  of  fluidity  by  the  supply  of 

*  Ann.  de  Chim.  ct  Phys.  v.  4^2.  f  Thomson's  Annals,  xii.  S5. 

1  Annals  of  Philosophy^  x.  389.  §  Adu.  de  Chim .  1.  82. 

fi  Nicb.  Jour.  vol.  33. 
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fresh  water.  In  24<  hours  there  was  an  evident  sweetness, 
which  increased  till  the  close  of  the  process ;  at  the  end  of  34 
hours  an  ounce  of  finely  powdered  charcoal  was  added,  and 
the  boiling  kept  up  two  hours  longer.  The  acid  was  then 
carefully  saturated  by  recently  burned  lime ;  and  the  boiling 
continued  for  half  an  hour,  after  which  the  liquor  was  passed 
through  calico,  and  the  substance,  remaining  on  the  drauieri 
washed  repeatedly  with  warm  water.  This,  when  dry,  weighed 
seven  eighths  of  an  ounce,  and  consisted  of  charcoal  and 
sulphate  of  lime.  The  clear  liquor,  being  evaporated  to  the 
consistence  of  syrup,  and  set  aside,  was  in  eight  days  con* 
verted  into  a  crystalline  mass,  resembling  common  brown 
sugar  with  a  mixture  of  treacle.  The  saccharine  matter, 
which  Dr.  Tuthill  judged  to  be  intermediate  between  cane 
sugar  and  grape  sugar,  weighed  one  pound  and  a  quarter. 
By  fermenting  one  pound  of  this  substance  in  the  usual  man- 
ner, and  distilling  and  rectifying  the  product,  fourteen  drachms 
by  measure  of  proof  spirit  were  obtained. 

The  differences  between  starch  sugar,  and  common  sugar 
from  the  sugar  cane,  have  been  pointed  out  by  Nasse.  Starch 
sugar  assumes  the  form  of  spherical  crystals  like  honey.  It  is 
not  so  hard,  nor  so  sweet,  nor  so  soluble  in  water,  as  commoa 
sugar.  When  it  is  digested  with  an  alkaline  carbonate,  • 
precipitation  of  mucilage  takes  place ;  and  the  same  precipi* 
tation  is  occasioned  from  a  solution  of  starch  sugar  by  muriate 
of  tin.  The  solution  of  starch  sugar  ferments  without  the 
addition  of  yeast,  which  is  not  the  case  with  common  sugar.* 

It  had  been  demonstrated,  by  Professor  de  la  Rive  of 
Geneva,  that  in  the  formation  of  sugar  from  starch,  no  gas  is 
evolved ;  that  the  alteration  of  the  starch  goes  on  in  close 
vessels  without  the  contact  of  air ;  and  that  no  part  of  the 
sulphuric  acid  is  either  decomposed,  or  united  to  the  starch 
AS  a  constituent.  These  results  were  aflerwards  confirmed  by 
the  experiments  of  M.  Theodore  dc  Saussure,f  who  has  fur- 
ther shown,  that  the  sugar  which  is  obtained,  exceeds,  by 
about  one  tenth,  the  original  weight  of  the  starch.  He  con- 
cludes, therefore,  that  the  conversion  of  starch  into  sugar  is 


•  Thomson'^  Annals,  vii.  47.  f  Il>i<J'  ▼>•  4«4. 
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idimg  die  than  the  combination  of  starch  with  water  in  a 
fid  state^  a  conclusion  which  is  strengthened  by  the  results 
C  tnalyiing  those  two  substances,  viz. 

Hydr.    Azote. 


5.90 
6.84 


0.40 
0. 


Carbon.    Oxygen. 

In  starch  were  found 45.99  I  48.31 

In  starch  sugar 37.29  |  55.87 

h  100  parts  of  starch,  the  oxygen  and  hydrogen  are  suffi* 
teto  form  50.48  parts  of  water,  with  an  excess  of  3.76 
ttjgeiu  In  starch  sugar,  the  same  principles  exist  in  quan- 
ttaiufficient  to  compose  58.44  parts  of  water,  being  an  in*- 
one  of  nearly  8,  and  there  is  still  an  excess  of  4.26  parts  of 

t  Starch,  by  being  long  kept  in  a  state  of  mixture  with 
Mr,  either  in  vacuo  or  with  the  access  of  air,  undergoes  a 
tMi  of  changes  which  have  been  attentively  investigated  by 
Topi  and  Saussure.  Yogel  found  that  starch  and  water, 
Vp  during  four  days  in  ebullition,  became  much  more  fluid, 
ttdthat  a  liquid  drained  from  it  when  placed  on  a  linen  cloth, 
vkich  was  mucilaginous  and  bitter,  but  not  in  the  least  degree 
ictharioe.  The  residuum  was  insoluble  in  water,  and  rc- 
lE&bled  horn.  Saussure  *  left  a  paste  formed  of  starch  and 
IS  times  its  weight  of  water  exposed  to  the  air  with  a  wide 
nbce  during  two  years.  It  had  then  become  a  grey  liquid, 
Q^reied  with  mould,  free  from  smell,  and  having  no  action 
OQTegetable  blue  colours.  The  starch  had  lost  nearly  one 
birth  of  its  weight,  and  the  remainder  was  converted  into 
^  Allowing  substances : 

1.  Sugar,  amounting  to  one  half  of  the  starch. 

2.  Gum,  or  rather  a  substance  resembling  it,  and  ana- 

logous to  what  is  obtained  by  roasting  starch. 
S.  Aroyline. 

4.  Starchy  lignin. 

5.  Lignin  mixed  with  charcoal. 

^nyllne  (called  amydine  by  Saussure)  is  intermediate  be- 
tween gum  and  starch.     It  is  soluble  in  boiling  water,  and 


*  Phil.  Trans.  18J9. 
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the  solution  yields  by  evaporation  a  pale  semitransparent 
brittle  substance)  insoluble  in  alcohol,  but  soluble  in  ten  times 
its  weight  of  cold  water,  and  to  any  amount  ih  water  at  144°. 
The  solution  is  coagulated  into  a  white  paste  by  sub-acetate 
of  lead.  When  treated  with  iodine,  it  assumes  a  blue  colour. 
It  is  precipitated  by  barytic  water,  but  not  by  fixed  alkalis, 
by  lime-water,  nor  by  infusion  of  galls. 

Starchy  lignin^ — When  the  residue  of  the  spontaneous  de- 
composition of  starch  has  been  washed  successively  with  cold 
and  hot  water,  with  alcohol,  and  with  diluted  sulphuric  acid, 
an  alkaline  ley,  containing  1-1 2th  its  weight  of  potassa,  still 
takes  up  a  further  portion.  From  this  solution,  diluted  sul« 
phuric  acid  precipitates  a  light  brown  combustible  substance 
having  the  appearance  of  jet.  It  gives  a  blue  colour  to  the 
aqueous  solution  of  iodine,  a  property  which,  together  with  its 
solubility  in  a  weak  alkaline  liquor,  distinguishes  it  from 
common  lignin.  It  is  not  impossible,  however,  that  the  effect 
of  iodine  may  depend  on  the  presence  of  a  small  quantity  of 
starch. 

9.  When  strongly  heated,  starch  becomes  first  yellow,  and 
afterwards  assumes  a  reddish  brown  colour ;  it  softens,  swells, 
and  exhales  a  penetrating  smell.  If  the  process  be  stopped, 
a  substance  is  the  result,  which  is  employed  by  calico-printers 
under  the  name  of  British  gum.  Its  solution  is  not  turned 
blue  by  iodine.  This  substance,  however,  Yauquelin  finds,  is 
not  a  true  ihucilage ;  for  with  nitric  acid  it  gives  only  oxalic 
acid,  and  no  mucic  acid.*  Lassaigne,  by  evaporating  its 
aqueous  solution  to  dryness,  obtained  a  brownish  yellow  viscid 
matter.  When  boiling  alcohol  was  digested  with  the  dry 
mass,  a  fawn  coloured  solution  resulted,  and  this,  by  evapora- 
tion, gave  a  residuum  which  was  only  in  part  soluble  by  al- 
cohol. The  insoluble  portion  was  taken  up  by  water ;  and 
the  solution,  on  evaporation,  yielded  a  product  verj'  similar 
to  the  gum  which  exudes  from  some  trees,  at  the  period  when 
they  ripen  their  fruit.     Even  tliis  gummy  matter,  however. 


•   80  Ann.  de  Clnm.  S17.    See  also  Annals  of  Phil.  ▼.  38,  xru  87,  and 
Ann.  de  Cldm.  xc.  29. 
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gave  only  oxalic  acid,  without  a  trace  of  mucic  or  lactic 
acid,  and  differed  therefore  from  true  gum. 

10*  Slarch,  distilled  in  close  vessels  at  a  high  temperature, 
yields  an  acid,  which  has  been  called  the  pyromucous,  but 
which,  in  fact,  is  nothing  more  than  vinegar  holding  an  empy- 
reumatic  oil  in  solution. 

11.  When  four  parts  of  starch,  and  one  of  finely  powdered 
Prussian  blue,  are  intimately  mixed,  and  then  boiled  in  a  con- 
siderable quantity  of  water,  a  liquid  is  obtained  which,  if 
heated  with  a  solution  of  sulphate  of  iron,  mixed  with  an  equal 
volume  of  solution  of  chlorine,  forms  a  very  fineprussian  blue. 
The  starch  by  this  combination  appears  to  be  changed  in  its 
nature,  and  converted  into  an  imperfect  kind  of  gum.  (Ann. 
of  Phil.  xiii.  69.) 

12.  When  starch  and  iodine  are  triturated  together,  both 
in  a  dry  state,  the  starch  assumes  a  violet  tint,  which  passes 
to  blue  or  to  black,  according  to  the  proportions  that  are  em^ 
ployed.  The  colour  of  this  ioduret,  or  iodide  of  starchj  is  red* 
dish,  if  the  starch  be  in  excess ;  a  beautiful  blue,  when  the 
two  bodies  are  in  due  proportion ;  and  black,  when  the  iodine 
prevails.  This  compound  is  soluble  in  diluted  sulphuric  acid, 
and  the  liquor  is  of  a  fine  blue  colour.  Concenti'ated  sul- 
phuric acid,  also,  dii»solves  it,  and  the  solution  is  brown,  but 
passes  to  a  beautiful  blue  on  the  addition  of  water.  There  is 
also  a  suh'iodiirei  of  starch,  which  is  white,  but  becomes  blue 
by  the  action  of  almost  any  acid.^ 

Starch  from  wheat  has  been  analyzed  by  Gay  Lussac  and 
Thenard,  and  that  from  (lotatos  by  Berzelius,  and  the  near 
coincidence  of  their  results,  obtained  by  difierent  methods,  is 
a  strong  presumption  in  favour  of  their  accuracy,  as  well  as 
of  the  uniformity  of  this  substance,  from  whatsoever  source  it 
.  may  be  obtained.     Starch  consists. 

Carbon.        Oxygen.      Hydrogen. 
According  to  Gay  Lussac,  of..  43.55    ..  4-^.68    ..  6.77 
Berzelius,    ..of..  4.3.481..  48.455..  7.064 

Dr.  Ure  found  starch  to  consist  of  38.55  carbon,  +  6.  J  3 


•  Colin  and  Gaultier  de  Claubry.    90  Ann.  de  Chim.  100. 
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hydrogen,  +  55.32  oxygen;  but  as  he  acknowledges  that  the 
starch  submitted  to  his  experiments  had  not  been  chemically 
dried)  it  is  probable  that  they  indicate  too  little  carbon  and 
too  much  oxygen. 

The  equivalent  of  starch,  if  deduced  from  its  ultimate  ana- 
lysis, would  approach  very  closely  to  that  of  sugar.  It  is  pro- 
bable, indeed,  that  in  this,  as  well  as  in  other  instances  of  ve- 
getable compounds,  the  diiference  consists  merely  in  the 
manner  in  which  the  elementary  atoms  are  arranged ;  a  view  of 
the  subject  with  which  the  conversion  of  starch  into  sugar,  by 
processes  not  attended  with  the  evolution  of  any  gaseous  pro- 
ducts, is  perfectly  consistent  Berzelius  investigated  the  equi- 
valent of  starch,  by  examining  the  composition  of  the  inso- 
luble ami/late  of  lead,  formed  by  mixing  a  boiling  solution  of 
potato  starch  with  one  of  sub-nitrate  of  lead.  (Ann.  of  Hiil. 
V.  272.)  This  he  found  to  consist  of  72  parts  of  starch  -f  28 
of  oxide  of  lead ;  and,  reasoning  from  its  composition^  he  in- 
fers that  starch  must  be  constituted,  either  of  6  atoms  of 
oxygen  +  7  of  carbon  +  13  of  hydrogen,  or  of  18  atoms  of 
oxygen  +  21  of  carbon  +  39  of  hydrogen.  In  this  case,  the 
same  agreement  does  not  exist  between  the  number  deducible 
from  ultimate  analysis  and  from  a  compound  of  the  entire  sub- 
stance with  oxide  of  lead,  as  in  the  instance  of  sugar ;  for  the 
equivalent,  most  consistent  with  the  first  supposition,  would  be 
not  less  than  103;  whereas  that  fpr  sugar  is  only  81.  In  this, 
as'  in  various  other  cases,  where  the  constitution  of  organic 
substances  is  concerned,  it  is  better  to  wait  for  the  further 
progress  of  science,  than  to  rest  satisfied  with  equivalent 
numbers,  which  are  not  supported  by  the  concurrence  of  dif- 
ferent methods  of  investigation. 

Beside  the  starch  of  the  cerealia  and  of  potatos,  the  follow- 
ing varieties  of  this  substance  are  also  met  with. 

Indian  arrow  root  is  obtained  from  the  roots  of  the  Maronta 
^n<7i(/i«ffcea,L,  a  plant  cultivated  in  the  West  Indies.  The  roots, 
first  well  washed,  are  beaten  in  large  and  deep  wooden  mor- 
tars to  a  pulp.  This  is  thrown  into  a  tub  full  of  clean  water, 
where  it  is  well  worked  with  the  hands,  and  the  fibrous  parts 
are  wrung  out  and  thrown  away.  The  milky  liquor  is  passed 
through  II  hair  sieve  and  allowed  to  settle^  and  the  clear  liquor 
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dtiined  off.     The  powder  at  the  bottom  of  the  vessel  is  again 
iqieatediy  washed,  and  then  dried  in  the  sun. 

Sago  is  prepared  from  the  pith  of  a  palm-tree  {Cycas  cir-^ 
vmliSf  L.)  which  grows  spontaneously'  in  the  East  Indies* 
Ike  pith  is  scooped  out,  diluted  with  water,  and  passed  through 
larainiog  tuig,  which  detains  only  the  fibrous  matter.  The 
■p  is  allowed  to  settle*  and  when  partly  dry  is  granulated 
If  forcing  it  through  apertures  of  the  proper  size.  Its  colour 
I  occasioned  by  the  heat  used  in  drying  it. 
CaMovo  and  Tapioca  are  prepared  from  the  roots  of  the 
kropka  Mnnihatj  a  plant  common  in  South  America.  By 
(More,  a  juice  of  poisonous  quality  flows  out ;  yet  the  sedi* 
MBt  from  ity  called,  when  well  washed  and  dried.  Cassava^ 
I  perfectly  innocent;  and  is  made  into  a  nutritious  bread.  Ta- 
|iNs  b  the  same  substance,  under  a  different  form,  which  it 
Mnei  in  drying. 
Sifap,  or  Saloopf  is  the  farina  obtained  from  several  species 
rfOrcAif,  especially  the  O.  Mascula,  It  is  extracted  by  pro- 
tases similar  to  those  which  have  already  been  described. 


SECTION  X. 

GInleiu 

Gluten  may  be  obtained  from  wheat-flour,  by  a  very  simple 
Process.  The  flour  is  first  to  be  formed,  by  the  gradual  addi- 
*»nofa  small  quantity  of  water,  into  a  soft  and  ductile  paste. 
This  is  to  be  washed  by  a  very  slender  stream  of  water,  and, 
•I  the  same  time,  to  be  constantly  worked  between  the  fingers. 
The  water  carries  off"  the  starch,  and  for  some  time  is  rendered 
ttilky.  When  it  passes  off'  transparent,  the  washing  may  be 
'tteontinued ;  and  the  pure  gluten  remains  in  the  hands. 

The  following  are  the  properties  of  gluten  : 

1.  It  is  of  a  grey  colour,  of  a  fibrous  structure,  and  has  so 
BDch  elasticity,  that  when  drawn  out  to  several  times  its 
length,  it  recovers  itself  like  clastic  gum.  It  has  scarcely  any 
tttte^and  doeii  not  melt  or  lose  its  tenacity  in  the  mouth. 

2.  When  exposed  to  a  gentle  heat,  it  dries  very  slowly^  and 
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becomes  hard,  brittle,  semi- transparent,  of  a  dark  brown  colour, 
and  somewhat  like  glue.  When  broken  it  has  the  fracture  of 
glass*     In  this  state  it  is  insoluble  in  water. 

3.  When  kept  moist,  it  ferments  and  undergoes  a  sort  of 
putrefaction,  emitting  a  very  offensive  odour.  At  the  same 
time  a  portion  of  acid  is  developed,  which  is  perceivable  by 
its  smell,  and  which  considerably  retards  the  putrefaction  of 
the  gluten.  In  this  circumstance,  chiefly,  it  differs  from  ani- 
mal gluten  or  fibrin. 

4.  When  suddenly  heated,  it  first  shrinks;  then  melts, 
blackens,  and  emits  a  smell  like  that  of  burning  horn.  By 
distillation  in  close  vessels,  it  yields  a  portion  of  water  im- 
pregnated with  carbonate  of  ammonia ;  a  considerable  quan- 
tity of  brown  fetid  thick  oil ;  solid  sub-carbonate  of  ammonia; 
and  carbureted  hydrogen  gas.  These  products  resemble,  very 
closely,  those  of  animal  substances,  especially  in  the  large 
quantity  of  azote  which  they  indicate  as  entering  into  its  com- 
position. It  has  not,  however,  been  yet  analyzed  with  a  view 
to  the  proportions  of  its  ultimate  elements. 

5.  It  is  generally  described  to  be  insoluble  in  water,  in 
alcohol,  and  in  ether.  After  fermentation,  it  is  partially 
soluble  in  alcohol,  and  the  solution  may  be  applied  to  the 
purposes  of  varnish.  From  the  experiments  of  Dr.  Bostock, 
gluten  appears,  however,  by  long  digestion,  to  be  pardy 
soluble  in  water.  The  solution  is  precipitated  by  acetate  and 
sub-acetate  of  lead,  by  muriate  of  tin,  and  by  other  re- 
iigents.* 

6.  All  acids  dissolve  gluten,  and  alkalis  precipitate  it^  but 
considerably  changed,  and  deprived  of  its  elasticity.  It  under- 
goes a  similar  change  when  dissolved  in  pure  alkalis,  and 
precipitated  by  acids. 

Gluten  exists  most  abundantly  in  wheat-flour,  of  which  it 
constitutes  about  one  fourth,  and  is  essential  to  its  soundness; 
but  it  is  found,  also,  in  various  vegetable  juices.t  Sir  H. 
Davy   discovered  a  larger  proportion  of  gluten   in  North 


•  Nicholson's  Journal,  xviii.  34. 

t  See  ProuBt  on  the  Green  Fecula  of  Vegetables,  Nicholson's  Journal, 
avQ.  iv.  1273. 
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American  wheat,  than  in  the  wheat  of  this  country ;  and  in 
general  found  it  more  abundant  in  the  wheat  of  warm  cli- 
Biates.  (Ell.  of  Agric.  Chem.  p.  141. )  It  is  in  consequence 
of  iu  afaoonding  in  this  principle,  that  the  wheat  of  the  South 
of  Europe  is  peculiarly  fitted  for  making  macaroni  and  other 
glodnous  preparations.  The  grain  containing  most  gluten  is 
Adnguiahed  by  its  hardness  and  great  specific  gravity.  Of 
particular  grains,  Sir  H.  Davy  ascertained  the  composition  of 
tfie  following.     He  found 

Starch.      Gluten. 

100  parts  of  good  full-grained  wheat! 

sown  in  Autumn  to  ai!brd / 

100  parts  of  wheat  sown  in  Spring  ....  70 ... .  S4 

100  parts  of  Barbary  wheat 7^  . . . .  23 

100  parts  of  Sicilian  wheat   75  ... .  21 

100  parts  of  full  and  fair  Norfolk  barley  79 ...  •  G 

100  parts  of  Suffolk  rye 6 .  • . .  5 

Gliadine  and  Zimome, 

From  the  experiments  of  M.  Taddei,  an  Italian  Chemist,  it 
appears  that  the  gluten  of  wheat  may  be  decomposed  into  two 
principles,  one  of  which  he  has  distinguished  by  the  name 
^Gliadine  (from  yAio,  gluten),  the  other  of  Zimome  (from  ^i/fwj, 
a  ferment.)  To  separate  them,  fresh  gluten  must  be  kneaded 
^th  repeated  portions  of  alcohol,  as  long  as  that  fluid  becomes 
milky  by  dilution  with  water.  The  alcohol  dissolves  the 
gliadine  and  leaves  the  zimome. 

By  evaporating  the  alcoholic  solution,  gliadine  is  obtained, 

forming  a  brittle,  straw-yellow,  slightly  transparent  substance, 

^ith  a  weak  smell  resembling  that,  of  the  honeycomb,  and, 

*hen  gently  heated,  emitting  an  odour  similar  to  that  of 

^iled  apples.     In  the  mouth  it  becomes  adhesive^  and  has  a 

(Weetish  and  balsamic  taste.     It  is  pretty  soluble  in  boiling 

^cohol,  but  the  greater  part  precipitates  as  the  alcohol  cools. 

^t  softens,  but  does  not  dissolve  in  cold  water.     Its  alcoholic 

Mution  becomes  milky  on  adding  water,  and  is  precipitated, 

'*^  white  flocks,  by  alkaline  carbonates.    Dry  gliadine  dis- 

^Ivcs  in  caustic  alkalis  and  acids.    It  swells  on  burning  coals, 
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and  tfaen  contracts  like  animal  matter.  It  burns  with  a  bright 
flame,  and  leaves  a  portion  of  charcoal  which  is  difficult  to 
be  incinerated. 

Zimorne  is  obtained  pure  by  boiling  gluten  in  alcohol,  or  by 
digesting  it  in  that  fluid  till  it  ceases  to  give  out  gliadine. 
There  remains  a  shapeless  mass,  which  is  hard,  tough,  desti- 
tutc  of  cohesion,  and  of  an  ash-white  colour.  After  being 
washed  with  water,  it  recovers  part  of  its  viscosity ;  and  be- 
comes brown  when  left  in  contact  with  air.  It  is  specifically 
heavier  than  water.  It  does  not  ferment  like  gluten,  but  pu- 
trefies, exhaling  a  foetid  urinous  odour.  At  a  boiling  tempe- 
rature, it  is  soluble  in  vinegar  and  in  the  mineral  acids.  It 
combines  with  potassa,  and  forms  a  kind  of  soap.  Lime 
water,  and  solutions  of  alkaline  carbonates,  harden  it,  and 
give  it  a  new  appearance.  It  inflames  when  thrown  on 
red  hot  coals,  and  emits  an  odour  similar  to  that  of  burning 
hair  or  hoofs.     (Ann.  of  Phil.  xv.  390,  xvi.  88.) 

M.  Taddei  has  since  discovered  that  powdered  guaiacum  is 
a  test  of  the  presence  of  ziniome.  When  well  kneaded  with 
good  wheat  flour  and  a  little  water,  the  guaiacum  becomes  of  a 
very  fine  blue  colour.  Starch  docs  not  evolve  this  colour, 
and  bad  flour  in  only  a  very  small  degree.  But  when  guaia- 
cum is  worked  up  with  gluten,  and,  still  better  with  pure 
zimome,  the  colour  instantly  appears,  and  is  a  most  superb 
-blue.  Guaiacum,  however,  does  not  become  at  all  coloured 
by  zimome,  unless  the  contact  of  oxygen  be  allowed.  The 
powder  of  guaiacum  is,  therefore,  a  re-agent,  capable  of  de- 
tecting the  injurious  alteration  which  flour  sometimes  under- 
goes by  the  spontaneous  destruction  of  its  gluten,  and  also  of 
ascertaining  in  a  general  way  the  proportion  of  that  principle. 
(Quarterly  Journal,  viii.  377.) 

Another  ingredient,  which  was  long  supposed  to  be  peculiar 
to  animal  products,  viz.  albumen,  has  been  discovered  in  the 
cmtilsive  seeds.  In  the  almond,  for  instance,  30  per  cent. 
have  been  found,  of  a  substance  precisely  resembling  animal 


t0^m^ 


•  Thomson's  Annals^  xii.  39. 
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SECTION  XL 

Caoutchouc^  or  Elastic  Gum, 

Caoutchouc  is  chiefly  the  product  of  two  trees,  which  are 
the  growth  of  Brazil ;  the  Hoevea  Caoutchouc  and  Jatropha 
Elastica,  When  the  bark  of  these  trees  is  wounded,  a  white 
milky  juice  flows  out,  which  speedily  concretes  in  the  air  into 
an  elastic  substance ;  and,  when  the  juice  is  applied  in  succes* 
give  coats,  upon  clay  moulds,  it  forms  the  globular  bottles, 
which  are  brought  to  this  country.  By  an  immediate  and 
careful  seclusion  from  air^  the  juice  may  be  preserved  some 
time  from  concreting,  and  has  occasionally  been  brought  to 
Europe  in  a  liquid  state.  But  even  when  thus  preserved^  a 
part  of  it,  in  the  course  of  time,  passes  to  a  solid  form.  If 
it  could  easily  be  imported  in  a  fluid  state,  it  would  be  in« 
valuable,  from  its  application  to  the  rendering  cloth,  leather, 
and  other  substances  impervious  to  water. 

1.  Caoutchouc  is  inflammable,  burning  with  a  bright  flame 
in  atmospherical  air,  and  with  still  greater  brilliancy  in  oxy« 
gen  gas,  or  in  chlorine  gas. 

'  2.  Caoutchouc  fuses  at  a  heat  which  is  not  much  below 
that  required  for  melting  lead.  In  this  state,  Mr.  A.  Aikin 
£nds  that  it  may  be  brushed  over  iron  or  steel  instruments^ 
and  iliat  it  forms  a  transparent  coating  which  eflectually  pre- 
serves them  from  rust.  The  best  method  of  melting  it  for 
this  purpose  is  in  a  kind  of  copper  flask,  containing  a  hori- 
zontal stirrer  or  agitator,  which  is  kept  in  motion  by  a  handle 
rising  above  the  flask.     (Gill's  Technical  Repository,  i.  54.) 

3.  It  is  insoluble  in  water  and  in  alcohol.  If  long  slips  of 
caoatchouc,  however,  are  tied  spirally  round  a  glass  or  metal 
rod,  and  boiled  for  an  hour  or  two,  the  edges  cohere,  and  a 
hollow  tube  is  formed. 

4.  Caoutchouc  is  soluble  in  ether;  not,  however,  in  the 
ordinary  state  of  this  fluid  as  it  is  found  in  the  shops.  To 
render  ether  a  fit  solvent  of  this  substance,  it  should  be  pu- 
rified by  washing  it  with  water,  in  the  manner  to  be  hereafter 
described.    The  solution  may  be  applied  to  the  purpose  of 
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forming  tubes  or  vessels  of  any  shape.  The  principal  diffi- 
culty in  using  it  arises  from  the  great  volatility  of  the  ether, 
in  consequence  of  which  the  brushes,  or  other  instruments, 
by  which  it  is  applied,  are  soon  clogged  up,  and  rendered 
useless. 

5.  Caoutchouc  is  soluble  in  volatile  oils;  but  when  they 
have  evaporated,  they  leave  it  in  a  glutinous  st.itc,  and  de- 
prived of  much  of  its  elasticity.  In  rectified  naphtha,  it  swells 
to  more  than  30  times  its  bulk,  and  becomes  gelatinous  and 
transparent,  but  scarcely  dissolves.  It  is  thus,  however,  ren- 
dered capable  of  being  moulded  into  tubes.  (Ann.  of  Phil, 
xii.  112.)  Petroleum  dissolves  it,  and,  when  evaporated, 
leaves  it  unchanged.  One  of  the  most  useful  solvents,  bow* 
ever,  of  caoutchouc,  appears  to  be  the  cajeput  oil,  a  substance 
lately  admitted  into  the  Pharmacopoeia  of  the  London  College 
of  Physicians.  A  thick  and  glutinous  solution  is  obtained, 
from  which  alcohol  detaches  the  essential  oil.  The  caout- 
chouc floats  on  the  surface  in  a  semi-fluid  state,  but  soon 
hardens,  and  regains  its  elastic  powei's  on  exposure  to  the 
atmosphere.  To  this  process,  the  chief  objection  is  the  ex- 
pensiveness  of  the  solvent. 

6.  Caoutchouc  is  acted  on  by  alkalis ;  and,  when  steeped 
in  them  for  some  time,  loses  its  elasticity. 

7.  The  sulphuric  acid  is  decomposed  by  it;  sulphurous  acid 
is  disengaged ;  and  charcoal  remains.  Nitric  acid  acts  on  it 
with  the  assistance  of  heat,  nitrous  gas  is  formed ;  and  oxalic 
acid  crystidlizes  from  tlic  residuum. 

8.  When  distilled,  it  gives  ammonia,  and  hence  may  be  in- 
ferred to  contain  azote.  A  large  quantity  of  olefiaut  gas  and 
of  very  dense  carbureted  hydrogen,  which  bums  with  a  re- 
markably bright  flame,  are  at  the  same  time  evolved. 

Caoutchouc,  from  the  analysis  of  Dr.  Ure  (Phil.  Trans. 
1822),  appears  to  consist  of 

Carbon 90.00 3  atoms 18 

^Vgen    0.88 0  atom 

Hydrogen 9.12 2  atoms 2 

100.  20        ' 
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The  oxygen  fimnd  by  analysis  is  in  too  small  quantity  to  be 
coMdered  as  essential ;  and  we  may  therefore  consider  caout- 
Amc  as  a  seaqui-carbureted  hydrogen. 


SECTION  XII. 

The  IVoody  Fibre. — Lignin. 

After  removing  all  the  soluble  parts  of  wood,  fii*st  by  long 
UEng  in  water,  and  then  by  digestion  in  alcohol,  a  fibrous 
iteuioe  is  obtained,  to  which,  by  some  chemists,  the  name 
rf  I^nm  has  been  given.     From  whatever  variety  of  wood 
laty  have  been  procured,  its  properties  appear  to  be  uni- 
M?  the  same. 
K  It  is  perfectly  destitute  of  taste,  smell,  and  colour.     In 
fcdfic  gravity,  it  is  generally  inferior  to  water. 
1  It  is  insoluble  in  water,  at  all  temperatures. 
1  The  pure  fixed   alkalis  act   on  the  woody   fibre,   and 
MDdcritsofl,  and  of  a  brown  colour.     If  equal  weights  of 
tetic  potassa  and  sawings  of  wood  arc  heated  in  a  silver  or 
inn  cnicible,  stirring  constantly^the  wood  softens  and  dissolves 
QHDpletely.   Water,  poured  upon  the  product  when  cold,  dis- 
>oifes  the  whole  of  it,  and  the  addition  of  an  acid,  in  such 
^tity  as  barely  to  neutralize  the  alkali,  precipitates  a  sub* 
tfmce  analogous  to  ulmin.     (Ann.  of  Phil.  xvi.  92.) 

4.  Concentrated  sulphuric  acid  immediately  blackens  h'gnin, 
md,  after  sufficient  digestion,  converts  it  into  charcoal.  When 
dried  sawings  of  hornbeam  are  mixed  and  agitated  with  sul- 
phuric acid,  and  water  is  then  added,  a  black  powder  falls ; 
and  the  liquid,  after  being  saturated  with  carbonate  of  lime 
and  filtered,  yields,  by  evaporation,  a  gum  in  several  respects 
analogous  to  gum  arabic.    (Braconnot,  Ann.  of  Phil.  xvi.  90.) 

5.  Nitric  acid  decomposes  lignin  with  the  assistance  of  heat, 
and  oxalic,  malic,  and  acetic  acids  are  formed. 

6.  When  exposed  to  heat,  lignin  affords  an  acid  called  the 
pyroUgncous^  which  has  been  proved  to  be  identical  with  the 
acetous*  Tliis  acid  holds  in  combination  a  quantity  of  essen- 
tial <mI,  from  which  it  may,  by  complicated  processes,  be  en- 
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tirely  freed,  and,  also,  a  small  proportion  oFammonia*  From 
the  last  mentioned  product,  it  would  ap})ear  that  the  wooily 
fibre  contains  nitrogen.  The  pyroligneous  acid  in  its  crude 
state  has  been  shown  to  be  powerfully  antiseptic,  and  advan- 
tageously applicable  to  the  preservation  of  animal  food. 
(Edin.  Phil.  Journ.  iii.  21.)  The  charcoal,  which  remains  ia 
the  retort,  is  greatly  superior  to  that  procured  by  the  ordinary 
process ;  and  hence  distillation  in  iron  cylinders  has  been,  for 
some  time  past,  practised  as  the  best  method  of  obtaining 
charcoal  for  the  manufacture  of  gunpowder. 

7.  The  woody  fibre,  by  exposure  to  the  atmosphere  in  a 
perfectly  dry  state,  does  not  undergo  any  change.  The  action 
of  the  air  upon  it,  however,  when  moistened,  causes  it  to 
pass  through  various  shades  of  colour,  into  a  black  mould.  If 
the  process  be  carried  on  in  a  confined  portion  of  oxygen  gaS| 
carbonic  acid  is  formed.  When  excluded  from  the  air,  even 
moist  wood  shows  very  little  tendency  to  decomposition. 

Gay  Lussac  and  Tlienard  have  analysed  the  wood  of  oak 
and  beech,  by  combustion  with  chlorate  of  potassa.  The 
wood  was  taken  from  the  most  compact  part  of  a  log,  reduced 
to  fine  powder  by  a  file ;  then  sifted  and  washed  in  succession 
with  water  and  alcohol ;  and  finally  dried,  before  its  admix** 
ture  with  the  chlorate. 

Carbon.  Oxjgen.         Ilydrag^ 
100  parts  of  Oak  contain    52.53    ....  41.78   • . .  •  5.69 
Beech  51.45    ....  42.73    ....  5.82 

In  both,  the  oxygen  and  hydrogen  are  in  the  proportions 
required  to  form  water,  and  there  is  no  excess  of  oxygen  to 
acidify  any  part  of  the  carbon.  The  atomic  constitution  of 
lignin,  which  agrees  most  nearly  with  the  results  of  its  ultimate 
analysis,  is  the  following : 

Carbon , . .  7  atoms . .  42    53.86 

Oxygen 4  ditto    . .  32    41.02 

Hydrogen 4  ditto    ..     4    5.12 

78  100* 
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If  deprived,  therefore,  of  1  atom  of  water  and  3  atoms  of 
carbon,  the  other  elements  of  lignin  should  be  convertible  into 
acetic  acid. 


SECTION  XIII. 
Colommg  Mailer. 

I.  The  colouring  matter  of  vegetables  presents  a  consider- 
able variety  in  its  relation  to  chemical  agents,  depending  on 
the  diversity  of  the  basis,  or  sub-stratum,  in  which  it  resides. 
Chaptal  has  arranged  the  varieties  of  the  colouring  principle 
under  four  heads.  1st.  As  it  is  attached  to  extractive  matter : 
2d,  As  it  resides  in  gum ;  in  both  which  cases  it  is  soluble  in 
water:  3d,  As  it  exists  in  farina,  or  a  substance  analogous  to 
it;  and  in  this  instance  it  dissolves  most  readily  in  sulphuric 
acid:  4th,  The  colouring  principle  is  occasionally  inherent 
in  resin,  and  then  it  requires  alcohol,  an  oil,  or  an  alkali,  for 
solution. 

II.  The  extraction  of  colouring  matter  from  the  various 
substances  that  afford  it,  and  its  fixation  on  wool,  silk,  or 
cotton,  constitute  the  art  of  dyeing;  the  details  of  which 
would  be  foreign  to  the  purpose  of  this  work.  In  this  place 
I  shall  state  only  a  few  general  principles;  and  refer  for  more 
minute  information  to  a  |)aper  by  Mr.  Henry  in  the  third 
volume  of  the  Mancliesler  Memoirs  ;  to  the  works  of  BerilioUet 
and  Bancroft ;  and  to  a  memoir  of  Thcnard  and  Hoard,  in 
the  74th  volume  of  Annalcs  de  Chimie. 

Before  attempting  to  fix  colouring  matter  on  cloth  by  the 
operations  either  of  dyeing  or  printing,  it  is  essential  that  the 
linen  and  cotton  should  first  be  completely  cleared  from  every 
thing  that  can  prevent  the  fixation  of  the  colour,  or  the  sub- 
sequent exhibition  of  its  full  effect.  This  is  accomplished  by 
the  operation  of  bleaching,  the  general  outline  of  which  is 
extremely  simple.  The  cloth  is  first  steeped  in  warm  water 
to  remove  the  sowens  or  weavers'  dressing.  It  is  next  boiled 
or  howktd  with  a  solution  of  potassa,  which  is  most  economi- 
cally applied  in  a  caustic  state,  care  being  taken  to  use  it  so 

VOL.  lu  s 
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touch  diluted  with  water,  as  not  to  destroy  the  texture  of  the 
cloth.  The  goods,  previously  wetted  with  water,  aro  lud  in  a 
large  wooden  vat  or  lowking  keir,  and  the  boiling  alkaline  ley 
is  thrown,  by  a  pump,  over  the  siirfnce  of  the  goods,  through 
which  it  penetrates,  and,  running  out  at  the  bottom,  is  return- 
ed to  the  pan  and  again  heated.  The  cloth  is  tben  thoroughly 
washed,  and  !s  next  steeped  in  a  very  weak  solution  of  chlo' 
ride  of  lime,  or  exposed,  on  the  grass,  to  the  action  of  the 
light  and  air ;  then  washed,  and  again  bowked  i  and  these 
operations  are  alternated  as  often  as  is  necessary.  It  is  next 
immersed  in  sulpliuric  acid,  diluted  with  a  large  quantity  of 
water  to  prevent  it  from  injuring  the  texture  of  the  cloth,  and 
finally  washed  and  dried.  A  pure  white  ground  is  thus  ob- 
tained, on  which  tlie  colours  are  afterwards  displayed  to  the 
greatest  advantage. 

III.  Of  the  various  colouring  substances,  used  in  the  art 
of  dyeing,  some  are  capable  of  being  permanently  attached  to 
the  dyed  fabric,  and  fully  communicating  their  colour  to  it, 
without  the  intervention  of  any  other  substance ;  while  others 
leave  n  mere  slain,  rcnioveublc  by  washing  with  water.  The 
latter  class,  however,  may  be  durably  attached  by  the  media- 
tion of  what  was  formerly  called  a  mon/aan/,  but  has  since  been 
more  properly  termetl,  by  tlie  late  Mr.  Henry,  a  basis.  Tlie 
colours,  which  are  of  themselves  permanent,  have  been  term- 
ed, by  Dr.  Bancroft,  snhslanlive  colours ;  while  those  that  re- 
quire a  basis,  have  been  denominated  adjective  colours. 

IV.  The  most  ini)>ortant  bases,  by  the  mediation  of  which 
colouring  matter  is  united  with  wool  or  cotton,  are  alumina, 
the  oxide  of  iron,  and  the  oxide  of  tin.  Alumina  nnd  oxide 
of  iron  arc  applied  in  combination  with  sulphuric,  or  acetic 
adds ;  and  the  oxide  of  tin,  unlteil  with  nltro-muriatlc,  ma- 
mtic,'aceti<^  or  tartaric  acids.     In  dyeing,  the  most  common 

■  method  is  to  pass  the  substance  to  be  dyed  through  a  decoc- 
II  of  the  colouring  matter,  and  afterwards  through  a  solu- 
a  of  the  basis.     The  colouring  principle  thus  becomes  per- 
-  mtly  fixed  on  the  cloth,  sometimes  considerably  changed 
.(  ^jiji  ^^  basis.     In  calico-printing,  the  basis, 

h  gum  or  floor  paste,  is  applied  to  the  cloth  by 
i»  or  copper  cylinders.    The  doth  is  then  dried, 


«BCT.  WI.  G0X.0U&1NG  MA1T8».  869 

and  passed  through  a  decoction  of  the  colouring  ingredient, 
which  adheres  only  to  that  part  of  the  cloth  where  the  basis 
has  been  applied.  From  the  rest  of  the  cloth  it  may  be  re- 
moved by  simple  washing  with  water. 

V.  The  variety  of  colours,  observed  in  dyed  substances, 
are  reducible  to  four  simple  ones,  viz,  blue,  red,  yellow,  and 
black. 

1.  Indigo  is  the  only  substance  used  in  dyeing  blue,  which 
it  does  without  the  intervention  of  a  basis.  It  is  the  produc- 
tion, chiefly,  of  several  varieties  of  the  plant  called  Indigofera, 
a  native  of  America  and  of  the  East  and  West  Indies.  The 
plant,  after  being  cut  a  little  while  befpre  the  time  of  flower- 
ings is  steeped  with  water  in  large  vats,  where  it  undergoes 
fermentation.  During  this  process,  a  fine  pulverulent  pulp 
separates,  which  is  at  first  green,  but  becomes  blue  by  expo- 
sure to  the  atmosphere.  The  operations,  by  which  indigo  is 
separated  and  collected,  are  rather  complicated,  and  cannot 
be  described  without  considerable  minuteness  of  detail.  A 
good  account  of  them  may  be  seen  in  Messrs.  Aikins'  Che- 
mical Dictionary.  In  this  country,  indigo  has  been  extracted 
from  the  isaiis  ti/icloria,  or  woadj  a  plant  of  indigenous  growth, 
by  a  fermentation,  similar  to  that  used  when  it  is  procured 
from  the  indigofera,  Chevreul,  also,  by  digesting  woad  in 
alcohol,  and  evaporating  the  solution,  obtained  white  crystal- 
line grains,  which  gradually  became  blue  when  exposed  to  the 
atmosphere.  He  considers  them  as  indigo  destitute  of  oxygen. 

Indigo  is  a  light  friable  substance  of  a  deep  blue  colour 
with  sometimes  a  shade  of  violet  or  copper.  The  lightest  as 
to  weight  is  generally  regarded  as  the  best  It  has  been  sup- 
posed to  be  a  variety  of  starch  or  feculn,  but  it  differs  from 
that  principle  in  several  important  particulars.  Indigo  is  va- 
latile,  and  may  be  in  part  sublimed  at  a  temperature  a  little 
below  that  which  is  required  for  its  decomposition.*  Water, 
by  being  boiled  on  it,  dissolves  only  about  a  ninth  or  a  twelfth 
the  weight  of  the  indigo.  The  colouring  matter,  however, 
remains  untouched ;  and  the  solution,  which  appears  to  con* 


*  Gay  Lussac,  74  Ann.  de  Cbiu.  191. 
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Mst  chiefly  of  CKtract,  has  a  rwidish  brown  hue.  The  indigo 
of  commerce  ia  never  pure,  but  coiitnins  variable  pi-oportioru 
of  foreign  matter,  amounting  generally  to  above  half  its  weight. 
Bergman,  in  100  parts,  found 

Pure  indigo 47 

Gum 12 

Resins G 

Earths   22 

Oxide  of  iron    13 

100 
The  earthy  matter  consisted  of  baryta  and  lime  in  «qBll 
w«(;Uts,  wilii  silica  in  the  proportion  of  1-lOth  of  the  n^iol* 
earllis. 


Chevrenl,  by  acting  in  succession  upon  Guatimala  iod^^. 
firit   with  water,  then   with    alcohol,  and  finally  with    miw 
riatic  acid,  found  its  composition  to  be  sliil  innre  compticatsd.  _ 
The  yellow  solution,  obtained  by  hot  water,  let  fall  a  grecniab  j^ 
matter  becoming  blue  on  exposure  to  the  air,  and  thu«  «fr  , 
quiring  the  properties  of  indigo.     After  this  had  censee),  fffcCR    , 
flocks  formed  and  subsided,  to  which  Chcvreul  gave  the  name 
oi green  mailer.     It  is  soluble  in  alkahs,  and  in  alcohol,  but  b 
not  convertible  into  indigo  by  exposure  to  air.      From  tbs 
indigo  on  which  water  had  ceased  to  act,  alcohol  dissolvMl  K 
further  portion,  the  greater  part  of  which  was  the  gi-een  mM- 
ter,  already  described,  with  a  red  mailer^  diflering  only  in  co- 
lour, but  possessing  similar  chemical  characters.     Lastly,  dh^- 
riatic  acid  dissolved   more  of  the  red   matter,  together  with 
lime,  alumina,  and  oxide  of  iron;  and  indigo,  amounting  to 
*S  parts  from    100,  and  free  from  every   thing  but  a  liule 
»lica,  rcmainetl. 

Pure  indigo  has  a  deep  blue  colour,  inclining  to  patpli^ 
and  is  destitute  both  of  taste  and  smell.  Water  has  no  im- 
mediate action  upon  it,  but  when  long  kept  in  a  moist  i4«U^ 
indigo  is  decomposed  and  emits  n  putrid  smell.  Alkaline  so- 
lutions and  lime  water  do  not  dissolve  It,  unless  when  fnA 
precipitated.  In  this  state  it  is  soluble  also  by  carttonnic  of 
ammonia,  but  not  by  fixed  alkaline  carbonates.  It  is  imtolnblc 
in  alcohol,  «ther,  and  in  6xed  and  volatile  oils.    Its  appro- 
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primte,  and  indeed  only,  solvent,  appears  to  be  concentrated 
ndpharic  Rcid.  When  thus  dissolved,  it  is  sometimes  applied 
directly,  in  a  diluted  state,  to  various  fabrics,  and  dyes  what  is 
termed  a  Saxon  blue.  But,  by  the  abstraction  of  part  of  its 
oxygen,  indigo  becomes  soluble  in  water;  and  its  colour 
changes  from  blue  to  green.  It  recovers  the  former  colour, 
kovever,  on  exposure  to  the  air,  by  again  absorbing  oxygen. 
Its  de-oxydizement  is  effected  either  by  allowing  it  to  ferment, 
along  with  bran  or  other  vegetable  matter ;  or  by  decom- 
posing, in  contact  with  it,  the  proto-sulphate  of  iron  by  the 
addition  of  lime.  Substances  dyed  by  indigo,  thus  deprived 
«f  oxygen,  are  green  when  taken  out  of  the  vat,  and  acquire  a 
Une  colour  by  exposure  to  the  atmosphere.  By  this  revival^ 
die  indigo  again  becomes  insoluble,  and  fitted,  therefore,  for 
rfhrding  a  permanent  dye,  not  removeable  by  soap  or  by 


There  appears,  however,  to  be  a  certain  stage  of  oxygenize- 
nent  in  indigo,  which  is  essential  to  the  development  of  its 
bine  colour,  and  any  proportion  of  oxygen  either  exceeding 
or  fidling  short  of  this,  is  equally  destructive  of  its  perfect 
hoe.  Tlius  diluted  nitric  acid  dissolves  indigo,  but  the  solu- 
tioD  is  yellow,  and  the  indigo  existing  in  it  is  decomposed. 
A  thin  layer  of  resinous  matter  appears,  floating  in  the  solu- 
tion. If  this  be  removed,  and  the  solution,  after  evaporation 
to  the  consbtence  of  honey,  be  re-dissolved  in  hot  water,  fil- 
tered, and  mixed  with  a  solution  of  potassa,  yellow  crystals  ap- 
pear, which  consist  of  the  bitter  principle  united  with  potassa. 
These  crystals,  being  wrapped  in  paper  and  struck  with  a  ham- 
mer, detonate  and  emit  a  purple  light.  If  to  a  drachm  or  two 
of  finely  powdered  indigo,  we  add  an  ounce  measure  of  strong 
faming  nitrous  acid,  the  mixture  presently  becomes  hot,  nitrous 
gM  is  evolved,  a  stream  of  sparks  arises  from  it,  and  finally 
the  whole  bursts  into  flame.  When  the  action  of  the  nitric 
acid  is  moderated  by  adding  an  equal  bulk  of  water,  and  the 
mixture^  after  being  digested  for  some  days,  is  evaporated  to 
dfyness,  the  residuum  is  soluble  in  water,  and  contains  a  small 
proportion  of  oxalic  acid,  with  a  considerable  quantity  of  ar- 
tificial tan.  Benzoic  acid  may  also  be  obtained  from  the  dry 
mass  by  sublimation.     It  appears  then  that  by  the  action  of 
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nitric  acid  on  indigo,  there  are  generated  oxalic  and  benzoic 
acids,  tan,  and  the  bitter  principle.  Muriatic,  phosphoric, 
acetic,  tartaric,  and  probably  other  acids,  act  on  indigo  only 
when  it  is  fresh  precipitated,  and  then  they  dissolve  it  and  afford 
a  blue  liquid.  Chlorine  destroys  its  colour,  and  the  same 
quantity  of  free  chlorine  discolours  always  the  same  quantity 
of  indigo.  Hence  a  solution  of  indigo  in  sulphuric  acid  has 
been  employed  for  measuring  the  strength  of  solutions  of 
chlorine  and  of  chloride  of  lime,  in  order  to  regulate  their  ap- 
plication to  the  process  of  bleaching.    (See  vol.  i.  p.  560.) 

The  destructive  distillation  of  indigo  affords  but  little  infor- 
mation respecting  its  nature.  The  products,  usually  obtained 
from  vegetable  substances,  are  evolved,  along  with  a  portion 
of  ammonia.  A  copper- coloured  sublimate,  also,  arises  in 
fine  needle-shaped  crystals,  possessed  of  peculiar  properties. 
It  has  been  called  by  BrugnatelU  IndigogeneJ* 

The  ultimate  analysis  of  indigo,  by  combustion  with  peroxide 
of  copper,  has  been  performed  by  Dr.  Thomson,  who  obtained 
from  it,  when  thus  treated,  no  gases  besides  carbonic  acid  and 
azote ;  but  the  carbon  existing  in  the  acid,  and  the  azote,  not 
making  up  together  more  than  .544?  of  the  weight  of  the  in- 
digo, he  concluded  the  loss  =  ASQ^  to  be  oxygen,  (System  of 
Chemistry,  iv.  89.)  Mr,  Walter  Crum,  of  Glasgow,  has, 
however,  found  hydrogen  in  indigo  in  such  proportion,  as  to 
indicate  that  it  is  an  essential  element  of  that  substance. 
(Dr.  Ure's  paper  in  Phil.  Trans.  1822,  p.  472.)  In  this  state 
of  uncertainty,  I  refrain,  therefore,  from  assigning  any  specific 
atomic  constitution  to  indigo,  considering  the  subject  as  still 
oi^en  to  farther  investigation, 

2.  The  substances,  chiefly  employed  for  affording  red  co- 
lours, are  cochineal  (an  insect  which  has  been  supposed  to 
derive  colour  from  its  food,  the  leaves  of  the  cactus  opnniia^  L.) 
archil,  madder,  brazil-wood,  and  saf-flower.  Tlie  first  four 
are  soluble  in  water;  the  last  not  without  the  intervention  of 
an  alkali.  They  are  all  adjective  colours.  Cochineal,  though 
its  colour  is  naturally  crimson,  is  used  for  dyeing  scarlet;  and 
to  evolve  the  scarlet  hue,  it  is  necessary  to  employ  the  super- 


*  Phil.  Mag.  xlvii.  415, 
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tartrate  of.potassa.  The  basis,  by  which  it  is  attached  to  clotb» 
is  the  oxide*  ofiin.  This  mav  bo  ••vhihitid  hv  :in  imsv  rxpcMJ- 
ment.  A  decoction  of  cochineal  will  leave  only  a  i'ugiiiv^ 
stain  on  a  piece  of  cloth ;  but  if,  in  the  decoction,  some  super* 
tartrate  of  potassa  has  been  dissolved,  and  a  portion  of  uitro* 
muriateof  tin  afterwards  been  added,  it  will  impart  a  perma- 
nent scarlet  colour, 

3.  The  yellow  dyes  "are  wild  American  hiccory,  sumach, 
turmeric,  fustic,  and  quercitron  bark;  which  afford  various 
colours,  accordingly  as  they  are  combined  with  the  cloth,  by 
the  intervention  of  alumina,  or  of  oxide  of  iron,  or  tin.  Thus, 
with  the  aluminous  base,  the  quercitron  bark  yields  a  bright 
yellow ;  with  oxide  of  tin,  all  the  shades,  from  pale  lemon 
colour  to  a  deep  orange;  and  with  oxide  of  iron,  a  drab 
colour.     With  the  addition  of  indigo,  it  gives  a  green. 

4.  A  combination  of  red  oxide  of  iron,  with  the  gallic  acid 
and  tan,  is  the  principal  black  colour,  which  has  therefore  the 
same  basis  as  common  writing  ink.  In  calico-printing,  white 
spots,  or  figures,  on  a  black  ground,  are  produced,  by  pre- 
viously printing  on  the  cloth  a  protecting  paste  of  citric  acid, 
thickened  with  gum  or  flour.  The  parts  to  which  this  paste 
is  applied  do  not  receive  the  black  dye,  but  remain  perfectly 

white. 

VI.  The  colouring  matter  of  vegetables,  besides  being  ca- 
pable of  fixation  on  cloth,  may  be  obtained  in  a  dry  form,  in 
combination  with  a  base  only.  Thus  if  to  a  decoction  or  in- 
fusion of  madder  in  water,  a  solution  of  sulphate  of  alumina 
be  added,  the  colouring  matter  is  precipitated  in  combination 
with  the  alumina,  forming  what  is  termed  a  lake.  For  obtain- 
ing this,  the  following  process  is  given  by  Sir  H.  Englefield. 
Put  two  ounces  of  Dutch  crojvmaddcr  into  a  calico  bag, 
capable  of  holding  three  or  four  times  that  quantity.  Pour 
on  it  a  pint  of  distilled  water,  and  triturate,  in  a  mortar,  as 
much  as  can  be  done,  without  destroying  the  bag.  The  water 
becomes  loaded  with  colouring  matter,  and  is  opaque  and 
muddy.  Pour  off  this  portion,  and  repeat  the  operation  till 
no  more  colour  is  obtained,  which  will  generally  happen  after 
the  fifth  or  sixth  affusion.  Pour  these  several  washings  into 
an  earthen  or  wellHinned  copper  pan  ;  and  apply  heat  till  the 
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liquor  boils.  Let  it  then  be  poured  into  a  basing  and  one 
ounce  of  alum,  dissolved  in  a  pint  of  water,  be  added,  and 
mixed  by  stirring.  Add  nn  ounce  and  a  half  of  saturated 
solution  of  sub-carbonate  of  potassa;  a  violent  effervescence 
will  ensue,  and  the  colouring  matter  will  be  precipitated.  Stir 
the  mixture  till  cold,  and  wash  repeatedly  with  boiling  water. 
About  half  an  ounce  of  lake  will  be  obtained,  contauiing  two 
fifths  its  weight  of  alumina. 

Other  lakes  may  be  obtained,  of  different  colours,  by  tlie 
substitution  of  different  dyeing  woods  ;  and  from  the  infusion 
of  cochineal,  the  beautiful  pigment  called  Carmine  is  precipi- 
tated by  means  of  a  solution  of  tin. 


SECTION  XIV. 

7  aw,  Tanniiij  or  the  Tannivg  Principle. 

Tan  exists  abundantly  in  the  bark  of  the  oak«  the  willoitr, 
&c.,  and  in  the  gall-nut.  In  barks,  the  layers  next  to  the  wood 
contain  the  largest  proportion  ;  the  middle  and  coloured  part, 
the  next;  and  in  this  it  is  accompanied  with  more  extract. 
The  epidermis  affords  very  little.  Tan  exists,  also,  along 
with  gallic  acid  and  extract,  in  the  several  varieties  of  tea,  all 
of  which  afford  precipitates  with  gelatine,  but  in  variable  pro- 
portions.    (Quarterly  Journal,  xii.  201.) 

I.  Tan  may  be  obtained  by  any  of  the  following  processes; 
but,  according  to  Sir  H.  Davy,  it  is  difficult  to  procure  it  in 
a  state  of  perfect  purity.  It  has,  indeed,  been  doubted  by  se- 
veral chemical  writers,  especially  by  Chevreul  and  Pelletier,* 
whether  tun  has  ever  been  obtained  sufficiently  pure,  to  en- 
title it  to  be  considered  as  a  distinct  vegetable  principle. 
Other  chemists,  among  whom  is  Dr.  Thomson,  from  consi- 
dering its  powers  of  chemical  combination,  have  arranged  it 
among  vegetable  acids. 

J .  Into  a  strong  infusion  of  Aleppo  nut-galls,  pour  the  mu- 


*  S#e  8r  Ann.  rie  Chiai.  103 ;  and  47  Phil.  Mag.  T4. 
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FttUe  cf  Nmmb^rSj  ixkilnting  the  Quanliiy  of  Tan  afforded  ly 
^SOUfS.  of  different  BarkSj  u/hkfi  express  nearly  their  relative 

Values: 

lb. 
Average  of  entire  bark*  of  middle-sized  Oak,  cut  in  spring . .  29 

— ^— — — ►—  of  Spanish  Chesnut 21 

■  of  Leicester  Willow,  large  size  . .  •  •  33 

of  Elm..>, 13 

— ^— — — ^— —  of  common  Willow,  large U 

— ^— — — ^ of  Ash 16 

— — — ^— of  Beech lo 

" of  Horse  Chesnut  9 

■  of  Sycamore 11 

*  of  Ix)mbardy  Poplar 15 

of  Birch 8 

*■    ■  of  Hazel 14 

of  Black  Thorn 16 

'^i  of  Coppice  Oak 32 

*-        ^      of  Ode  cut  in  autumn 21 

-  of  Larch  cut  in  ditto 8 

White  internal  cortical  layers  of  Oak  Bark 72 

The  inner  cortical  layers  of  all  barks  Sir  H.  Davy  found 
to  contain  the  greatest  proportion  of  tan.  The  quantity,  also, 
is  greatest  at  the  time  the  buds  begin  to  open,  and  is  smallest 
in  winter,  and  after  a  cold  spring. 

As  a  general  average,  four  or  five  pounds  of  good  oak  bark 
are  required  to  form  a  pound  of  leather.     The  operation  is 
most  perfect  when  performed  slowly ;  for,  if  too  rapidly  ef- 
fected, the  outer  surface  of  the  skin  is  soon  covered  with  a  coat 
«fleather,  which  defends  the  interior  from  change.      In  ge- 
neral, skins,   by  being  completely  tanned,  increase  in  weight 
about  one-third,  the  skin  and  the  leather  being  each  supposed 
dry. 
II.  Tan  has  the  following  properties : 
1.  When  evaporated  to  dryness,  it  forms  a  brown  friable 
mass,  which  has  much  resemblance  in  its  fracture  to  aloes,  a 
diarp  bitter  taste,  and  is  soluble  in  water,  both  hot  and  cold, 
affording  a  deep  brown  solution,  wliich  docs  not  become 
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moaldy  or  undergo  any  change^  when  exposed  to  the  atmo- 
iphqre  at  ordinary  temperatures.  Pure  aioohol  does  not  die- 
solve  it ;  but  the  addition  of  a  very  small  quantity  of  watery 
for  instance,  of  such  a  quantity  as  to  bri^  its  sp.  gr.  to  (Mil  8^ 
enables  it  to  act  as  a  solvent  of  tan. 

S.  From  this  watery  solution  almost  all  adds  precipitate  tan^ 
by  forming  with  it  an  insoluble  compound.  Nitric  acid  pnh 
duces,  however,  a  difibrent  efiect ;  and,  probably  by  imparting 
oi^gen,  converts  tan  into  a  yellowish  brown  matcer  whidi  la 
sokible  in  aicohoL  Chlorine  produces  a  simiUr  change ;  aaA 
peroxide  of  tin  converts  it  into  a  substance  resembling  extract 
probably  by  communicating  oxygen. 

S.  Lime  water  and  the  alkaline  carbonates  also  throw  dowa 
tan,  and  the  precipitate  is  a  compound  of  tan  with  the  sobstanca 
which  has  been  added.    Pure  fixed  alkalis  separate  tan 
its  concentrated  solution,  but  ammonia  has  not  the 
enfecL 

4.  The  watery  solution  of  tan,  poured  into  one  of  glue  (in* 
spissated  animal  jelly),  converts  it  immediately  into  a  coagnlm%    < 
insoluble  by  boiling  water»  which  has  the  elastic  properties  of   . 
the  gluten  of  wheat.     Hence  infusion  of  tan  is  used  as  a  test  of 
the  presence  of  gelatine,  and,  reciprocally,  solution  of  gelatine 
may  be  used  as  a  test  of  the  presence  of  tan. 

Tlie  solution  of  gelatine  may  be  prepared  for  the  purpose 
of  precipitating  tan,  by  dissolving  isinglass  in  water,  in  the 
proportion  of  ten  grains  to  two  ounces.      The  precipitate^ 
which  has  been  called  lanno-gelatincy  consists  of  5\  jelly  aiv^ 
46  tan.     An  excess  of  the  solution  partly  rc-dissolves  it.       ^X 
is  this  property,  of  forming  with  gelatine  an  insoluble  co 
|)ound,  not  liable  to  putrefaction,  that  fits  tan  for  the  pu 
of  converting  skins  into  leather. 

Dr.  Duncan,  jun.,  who  has  made  numerous  exfieriuients 
tun,  observed,  that  the  proportion  of  ingredients  in  this  p 
cipitnte  varies  very  considerably,  according  to  the  mode 
which  it  is  efTccted ;  and  that  insolubility  in  water  is  by  i 
nieims  one  of  its  constant   characters.     Dr.   Bostock,  al 
found  that  tan  and  jelly  do  not  unite  in  any  constant  propo 
tion,  and  tluit  the  compound  is  not,  in  all  cases,  insoluble  i  ^' 
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water.*  It  is  soluble  in  excess  of  gelatine,  and  more  abun- 
dantly in  hot  than  in  cold  solutions  of  jelly. 

Tanno-gelatine  is  also  soluble  in  liquid  ammonia,  and  forms 
a  dark  brown  solution,  which,  when  spread  with  a  brush, 
leaves  a  film  insoluble  in  water,  oil,  or  alcohol.  The  solution, 
by  long-keepin<T,  changes  its  nature,  and  when  filtered  and 
evaporated,  yields  a  brittle  shining  black  substance,  soluble  in 
water  and  alcohol,  but  not  in  ether.  From  the  extreme  faci- 
lity with  which  it  yields  ammonia  on  being  heated,  it  is  pro- 
bably a  compound  of  that  alkali  with  tanno-gelatine.  (Fara- 
day, in  Quarterly  Journ.  vi.  157.) 

Tanno-gelatine,  boiled  with  solution  of  bi-chloride  of  mer- 
cury, becomes  of  a  fawn  colour,  is  more  soft  and  pliable  in  the 
warm  fluid,  and  does  not,  when  exposed  to  the  air,  become  so 
bard  and  brittle  as  unaltered  tanno-gelatine.  Its  colour  is  also 
much  lighter,  and  of  an  uniform  brown  tint.  On  analysis,  it 
yields  corrosive  sublimate.     (Ibid.) 

5.  Tan  forms  with  fecula.  or  starch,  a  precipitate  which 
is  sparingly  soluble  in  cold  water,  and  very  copiously  in  hot 
water. 

G.  With  gluten  tan  gives  an  insoluble  precipitate. 

7.  It  is  precipitated  by  earths  and  by  salts  with  earthy  bases, 
such  as  the  nitrates  of  baryta,  lime,  &c. 

8.  It  b  separated  also  by  oxides,  such  as  the  oxide  of  zinc 
and  peroxide  of  tin,  and  also  by  salts  with  metallic  bases, 
snch  as  acetate  of  lead,  muriate  of  tin,  muriate  of  gold,  sul- 
phate of  iron,  tartarized  antimony,  and  muriate  of  platinum. 

>  Green  sulphate  of  iron  effects  no  change  in  the  solution  of 
tan,  but  the  red  or  per-sulphate  occasions  a  dark  bluish  preci- 
pitate. This  precipitate  differs  from  gallate  of  iron,  in  being 
decomposed  by  acids,  the  tan  being  thus  separated.  An  ex- 
cess of  the  red  sulphate  re-dissolves  the  precipitate,  and  afibrds 
a  black  or  dark  blue  liquor,  but  the  precipitate  re-appears, 
when  the  disengaged  acid  is  carefully  saturoted  by  an  alkali. 
By  union  with  tan,  the  red  sulphate  is  de-oxidized,  the  salt 
probably  becoming  the  green  sulphate,  and  the  oxygen  passing 


*  See  his  paper  on  the  Union  of  Tan  and  Jelly,  Nicholson's  Journal, 
xxiv.  1. 


270 


VECETABLK  SUBSTANCES. 


CHAP.  X. 


to  the  tan.  Tan  is  capable,  also,  of  unilJag  with  oxUU  of 
lead,  in  diflferent  proportions,  forming  a  Uiinate  and  iub-t»o- 
nate  of  lead.*     The  (annate  consislt  of 


Tan G5.79 

Oxide  of  lead 34.21    , 

100. 


,  100 
,     62 


The  sub-tannate  coiitaincil  J  ^  limes  as  much  lia*e  as  tbv  , 
neutral  t  mm  ate.  , 

Bcrzelius  analyzed  Inn  by  the  combustion  oi'  periV-cUy  dry  ■. 
tniinnte  of  lead  with  peroxide  of  copper.  The  tanualc  of  1 
lead  had  been  precipitated  from  infusion  of  nut-galls.  He  ( 
found  tan  to  consist  of  i 


By  Experimeni, 

By  Tlieocy 

. .  e  atoms  . . 

..  86 

...  50.70 

Oxygen  ....  45. 

. .  4  ditto  . . 

..  38 

...  «3JIT 

Hydrogen...    +.45  .. 

. .  3  ditto   . . 

..     9 

...  *.» 

100.  71  I IX). 

On  the  sitppogitinii  that  tannatt;  of  load  Js  composed  of  an 
atom  of  each  of  its  elements,  a  much  higher  number  would  be 
indicnted  for  tan,  v'a.  215.4  j  for  52  :  100::  112  :  213.4.  The 
Kjuivnlent  thus  deduced  is  at  variance,  therefore,  with  tliat 
derived  from  nitimnte  analysis,  unless  we  suppose  that  the 
tnnnate  of  lend  consists  of  1  atom  of  base,  united  with  S  atooH 
of  tan.  This  would  reduce  the  atom  oftnn  to  7 1-8,  which  ac- 
cords as  nearly  as  cati  be  exgiocted  with  ihc  foregoing  number. 
By  comparing  the  composition  of  gtillic  acid,  as  stated  at 
page  204,  with  ihtit  of  tan,  it  will  appear  tJiat  the  only  dif- 
ference between  them  is  that  the  former  contains  an  atom  leia 
of  oxygen,  which  would  scarcely  have  been  cxpocicd  in  ■ 
■ubfitanco  jiOBsessiiig  more  decidedly  acid  properties  than  be> 
long  to  tan. 

Arlifiaal  Tan. 

Until  within  the  InU  ten  years,  tan  had  been  known  onlvas 

■  Derzelius,  9iAim.de  Cliim.  319. 


m  productioii  of  nature ;  and  the  processes  of  chemistry  had 
rftcted  nothing  more»  than  its  separation  from  the  various 
ssbstancesy   with  which  it  occurs  combined.     An  important 
discovery,  howeveri  has  been  made  by  Mr.  Hatchett,  of  the 
artificial  formation  of  tan^  from  substances  which  unquestion- 
ably do  not  contmn  it,  but  only  furnish  its  elements.     The 
proceasea  for  its  factitious  production  are  very  numerous ;  but 
tbey  are  arranged,  by  their  author^  under  three  heads:  Ist, 
The  synthesis  of  tan  may  be  efiected  by  the  action  of  nitric 
add  on  animal  or  vegetable  charcqal ;  2dly,  By  distilling  fiitric 
add  from  common  resin,  indigo^  dragon's  blood,  and  various 
odier  resinous  substances ;  Sdly,  By  tlie  action  of  sulphuric 
add  on  common  resin,  elemi,  assafbetida,  camphor,  &c.     Of 
these  various  processes,  I  shall  select  the  most  simple^  refer- 
ling  to  Mr.  Hatchett's  very  interesting  paper  for  a  fuller  detail 
of  the  experiments.* 

To  100  grains  of   powdered    charcoal,    contained  in   a 

matrass,  add  an  ounce  of  nitric  acid  (specific  gravity  1.4)  diluted 

with  two  ounces  of  water;  place  the  vessel  in  a  sand-heat,  and 

continue  the  digestion  till  the  charcoal  appears  to  be  dissolved. 

A  copious  discharge  of  nitrous  gas  will  take  place.     At  the 

end  of  the  second  day,  it  may  be  necessary  to  add  another 

ounce,  and  sometimes  even  a  third,  of  nitric  acid ;  and  to 

continue  the  digestion  during  five  or  six  days.     A  reddish 

brown  solution  will  be  obtained,  which  must  be  evaporated  to 

dfjnesa  in  a  glass  vessel ;  taking  care  in  the  latter  part  of  the 

fffooess,  so  to  regulate  the  temperature,  that  the  acid  may  be 

expdled,  without  decomposing  the  residuum.     A  brown  glossy 

substance  will  be  obtained,  having  a  resinous  fracture,  and 

amounting,  in  weight,  to  116  or  120  grains.     This  substance 

has  the  following  properties : 

1.  It  is  speedily  dissolved  by  cold  water  and  by  alcohol. 
2.  It  has  an  astringent  flavour.  3.  Exposed  to  heat,  it  smokes 
but  little,  swells  much,  and  affords  a  bulky  coal.  4.  Its  solu- 
tion in  water  reddens  litmus  paper.  5.  The  solution  copiously 
precipitates  metallic  salts,  especially  muriate  of  tin,  acetate  of 
lead,  and  red  sulphate  of  iron.     These  precipitates,  for  the 


See  Philosophical  Transactious  for  1805  and  180a, 
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most  piiit,  ore  brown,  inclining  to  chocolate,  excepting  that 
of  tin,  which  is  blackish  gicy.  6.  Gold  is  precipitated  from 
its  solutionjii  a  metallic  state.  7.  The  earthy  salt*  nrc  pre- 
cipitated by  it.  8.  Gelatine  is  instantly  pi-ecipitatcd  from 
water,  in  the  state  of  coagulum,  insoluble  both  in  cold  aod  in 
tioiling  water. 

Though  this  sub!.laiice  has  not  yet  been  subjected  to 
ultimate  analysis,  yet  lis  identity  with  tun  can  scarcely  be 
doubted,  since  the  two  bodies  agree  in  having  the  same  cha- 
racterislic  properties.  The  only  essential  circumstance  of  di«- 
crimtnation,  is,  that  the  natural  tan  ia  destroyed,  while  tbe 
artificial  is  produced,  by  the  agency  of  nitric  acid;  and  that 
the  artificial  substauce,  even  when  formed,  powerfully  resisti 
the  decomposing  action  of  this  ncid,  which  readily  destroys 
natural  tfiu.  Even,  however,  among  the  difFereut  varieties  of 
the  natural  substance,  Mr.  Hatchett  found  essential  difiereneo 
in  the  facility  of  destruction  by  nitric  acid.  Those  of  oak 
Iwrk  and  catechu  are  less  destructible ;  and,  in  general,  the 
varieties  of  tan  seem  to  be  less  permanent,  in  proportion  to  the 
quantity  of  mucilage  which  they  contain.  Infusions  of  fiKti- 
tious  Ian  ditfcr,  also,  it  has  been  said,  from  those  of  the  natural 
kind,  in  not  becoming  mouldy  by  keeping.  Tins  charaeur* 
however,  is  not  confircncd  by  Dr,  Dostuck,  nho  has  observed 
the  artificiul  tan  to  acquire  mould. 

The  artihtial  substance  is  a  purer  variety  of  tnn  than  the 
natural  one;  inasmuch  as  it  is  perfectly  free  from  gallic  acid, 
an<l  from  extract,  both  of  which  are  always  present  in  the 
latter.  The  properties  of  the  factitious  compound  vary  a  litdev 
according  to  the  mode  of  its  preparation,  principally  in  the 
colour  of  the  precipitates,  which  it  separates  from  metnllie 
flolulions.  Those  ellccted  by  tan,  which  has  been  formed  by 
processes  of  ihc  first  class,  are  always  brown,  and  by  the  se- 
cond, pale  or  deep  yellow. 


iMt.  sir.  WAS.  STS 

SECTION  XV. 

ii  was  long  satipdted  that  bees'  wax  is  merely  the  diiftt  5f 
tfce  staminii  of  plants  iihcbanged  by  any  process  in  the  e<S6- 
Bomj  of  thatahiitiai.  iThis  opihicHi,  hb^everi  has  been  lately 
Aown  by  Hul)er  *  to  be  erroneous ;  for  bees,  he  has  prbVeOf 
cdodnue  to  ^nin  wax,  Urbeii  Supplied  with  only  raw  sugar  or 
houtjm  Little  doubt,  thefefiire,  can  exist  that  sugar  contains 
il  &e  prindples  of  wax ;  and  that  wsx  is  the  result  of  a  hew 
miKiilrtioh  of  those  principles,  eifected  by  the  animal. 

At  the  same  time^  it  is  eqtially  well  established,  that  wax  is 
sko  a  product  of  vegetation,  tt  forms  the  vambh,  which  is 
canpiciioiis  on  the  upper  leaves  of  many  trees,  and  may  be 
atiacted  by  first  removing  from  the  bruised  leaves,  by  means 
fli  water  and  alcohol^  every  thing  that  is  soluble  in  those  fluids ; 
ftcn  inacerating  the  remaiiidtir  with  liquid  ammonia,  which 
finolves  the  wax,  and  lets  it  &11  on  the  subsequent  addition 
tf  soipharic  acid,  in  the  form  of  a  yellow  powder.  This  is  to 
be  wasiied  with  water^  and  melted  at  a  gentle  heat.  Wax 
csists,  also,  in  the  substance  called  lac,  in  combination  with 
cokmring  matter;  aiid  is  obtained,  in  considerable  quantity, 
from  the  berries  of  the  Myrica  Cerifem,  by  the  simple  process 
of  boiling  them  in  water,  and  bruising  them  at  the  same  time. 
The  wax  melts  and  rises  to  the  surface  in  the  form  of  a  scuih, 
which  concretes  on  cboling.f 

In  its  ordinary  state^  wax  of  every  kind  has  considerable 
colour  and  smell.  It  may  l>e  deprived  of  l)oth,  by  exposing 
it,  in  thin  lainihik,  to  the  action  of  the  light  and  air,  or  still 
more  speedily  by  chlorine  gas.  It  melts  at  145^  Fahr.  liVheh 
Ueached,  it  has  the  following  properties : 

1.  Its  specific  gravity  is  abdiit  .960,  water  being  1.000. 
When  heated,  it  melts  at  about  155^  Fahrenheit,  or  at  from 
7^  to  10^  higher  than  unbleached  wax,  and  forms  a  transparent 


•  NicbolsoD'f  Joaraal,  ix.  18$.        f  Cadet,  Ann.  do  Cfaioi,  ?oL  sUt* 
VOL.  II.  T 
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fluid,  which  gradually  acquires  consistency,  till  at  length  it 
returns  to  a  solid  state.  If  the  heat  be  raised,  it  boils;  and  a 
portion  distils  over.  By  a  still  higher  heat,  it  is  decomposed, 
and  a  quantity  of  olefiant  and  hydro-carburet  gases  is  deve- 
loped.  The  residuum  of  charcoal  bears  only  a  small  propor- 
tion to  the  wax  which  has  been  decomposed. 

2.  Wax  is  insoluble  in  water,  nor  is  it  changed  by  long  keep« 
ing  in  contact  with  water. 

3.  Boiling  alcohol  dissolves  about  one-twentieth  its  weight 
of  wax,  four-fifths  of  which  separate  on  cooling ;  and  the  re- 
mainder is  immediately  precipitated  by  the  addition  of  water. 
Boiling  ether  dissolves  about  one-twentieth  of  its  weight,  but 
lets  the  greater  part  fall  on  cooling. 

4.  Caustic  fixed  alkalis  convert  wax  into  a  saponaceous  com- 
pound, soluble  in  warm  water.  The  pimic  wax  of  the  ancients 
was  a  soap  composed  of  20  parts  of  wax  and  1  of  soda. 

5.  A  heated  solution  of  ammonia  dissolves  wax,  and  forms 
a  kind  of  emulsion.  On  cooling,  the  wax  rises  to  the  surface  in 
flocculi. 

6.  Volatile  oils  dissolve  wax  when  heated  along  with  it; 
but  a  great  part  separates  again  on  cooling  of  a  soflar  oonsis- 
tence,  and  probably  therefore  containing  some  of  the  oil. 

?.  Fixed  oils  unite  with  wax,  and  form  a  sort  of  compound 
well  known  in  pharmacy  under  the  name  of  cerates.  When 
applied  to  the  purpose  of  candles,  the  brittleness  of  wax  is 
corrected  by  a  little  tallow. 

8.  Acids  appear  to  have  very  little  action  on  wax,  unless 
they  are  concentrated  and  heated,  when  a  mutual  decomposi- 
tion ensues. 

From  the  results  of  its  combustion,  Lavoisier  inferred  that 
wax  consists  of 

B2.2S  carbon 
17-72  hydrogen 

100. 

Gay  Lussac  and  Thenard,  andDr.Ure,  have  analyzed  yellow 
wax  by  combustion  with  peroxide  of  copper,  and  deduced  its 
elements  to  be 


UCTXir*  WAX.  VI B 

Carbon 81.784   80.69 

Oxygen 5.544   7.94 

Hydrogen 12.672   11.37 

100.«  lOO.t 

The  Atomic  constitution  most  consistent  with  tliese  results, 

Carbon  ......  13  atoms  ••..78    ..••  80.41 

Oxygen 1  atom     ....     8   • . . .     8.26 

Hydrogen  ....  11  atoms  • ...  1 1    ....  1 1.33 

97  100. 

But  it  is  not  improbable,  as  Dr.  Ure  has  remarked,  that  an 
atom  more  of  hydrogen  may  exist  in  wax  than  has  been  discoi 
?ered  by  analysis,  and  that  it  may  consist  of  1 2  atoms  of  olefiant 
gas  +  1  atom  of  carbonic  oxide. 

Myrtle  wax^  it  appears  from  the  experiments  of  Dr.  Bot- 
tock,  differs  from  bees'  wax  in  being  more  fusible  (viz.  at  109^ 
Fahrenheit),  and  in  being  soluble,  to  a  greater  amount,  both 
in  ether  and  in  alcohol.  Dr.  John  ascertained  that  it  is  only  one 
part  of  this  wax  that  is  taken  up  by  alcohol,  while  the  other 
remains  undissolved.  To  the  first  he  has  given  the  name  of 
cerin.  It  precipitates  again  as  the  alcohol  cools ;  is  of  the 
same  sp.  gr.  as  water ;  has  the  consistency  of  wax,  but  a  much 
kwer  melting  point,  viz.  lOS^  to  110^  Fahr.  The  insoluble 
part,  which  he  has  called  myricin^  is  insoluble  in  ether  and 
alcohol  at  all  temperatures.  Its  specific  gravity  is  0.900.  The 
term  cerin  has  also  been  applied  by  Chevreul  to  a  substance 
resembling  wax,  which  slowly  separates  from  alcohol  afler 
being  digested  on  cork.  The  vegetable  wax  from  Brazil, 
though  it  appears,  from  tlie  experiments  of  Mr.  Brande,  to 
possess  the  principal  characters  of  common  wax,  difiers  from 
it  in  some  properties,  and  also  from  myrtle  wax.j: 


•  Bechercbes,  ii.  t  Phil  Trans.  189S. 

I  Phil.  Trant.  18  J 1,  p.  867. 
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SECTION  XVI. 

The  Bitter  Principle. 

The  bitter  taste  of  certain  vegetables  appears  to  be  owing 
to  the  presence  of  a  peculiar  principle,  differing  from  every 
other  substance  in  its  chemical  properties.  It  may  be  extract* 
ed  from  the  wood  of  quassia,  the  root  of  gentian,  the  leaves  of 
the  hop,  and  several  other  plants,  the  fruit  of  the  colocynth. 
Sic.  by  infusing  them  for  some  time  in  cold  water,  ^e  chap 
racters  of  this  substance  have  been  attentively  examined  by  Dr. 
Thomson,  who  enumerates  them  as  follows.* 

1.  When  water,  thus  impregnated,  is  evaporated  to  drjmeis 
by  a  very  gentle  heat.  It  leaves  a  brownish  yellow  substanos^ 
which  retains  a  certain  degree  of  transpareiicy.  Foir  some 
time  it  continues  ductile,  but  at  last  becomes  brittle.  Its  tast6 
^  intensely  bitter. 

2.  When  heated,  it  softens,  swells,  and  blackens ;  then  bams 
away  without  flaming  much ;  and  leaves  a  small  quantity  of 
ashes. 

.    S.  It  is  very  soluble  in  water,  and  in  alcohol. 

4.  It  does  not  alter  blue  vegetable  colours. 

£.  It  is  not  precipitated  by  the  watery  solution  of  lim^ 
baryta,  or  strontia ;  nor  is  it  changed  by  alkalis. 

6.  Tincture  of  galls,  infusion  of  nut-galls,  and  gallic  add, 
produce  no  effect. 

7.  Of  the  metallic  salts,  nitrate  of  silver  and  acetate  of  lead 
are  the  only  ones  that  throw  it  down.  The  effect  of  nitimte 
of  silver  cannot  be  ascribed  to  the  presence  of  muriatic  add, 
since  nitrate  of  lead  produces  no  change  in  the  solution.  The 
precipitate  by  acetate  of  lead  is  very  abundant;  atid  that  salt, 
therefore,  affords  the  best  test  for  discovering  the  bitter  prin* 
ciple,  provided  no  other  substances  be  present,  by  which,  also^ 
it  is  decomposed. 

Another  modiflcation  of  the  bitter  principle  has  been  ex- 
tracted, by  M.  Chenevix,  from  uproasted  coffee.  The  in- 
fusion of  the  berries  was  mixed  with  muriate  of  tin,  when  a 


^  Sjrstem  of  Chtmistiy,  6th  edit.  it.  50. 
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precipitate  appeared,  which  was  well  washed,  then  diffused 
through  water,  and  decomposed  by  sniphureted  hydrogen  gas, 
which  carried  down  the  tiq.  The  remaining  liquid,  evapc^ 
rated  to  dryness,  gave  a  semi-transparent  substance  not  unlike 
horn.  This  substance  did  not  attract  moisture  from  the  air ; 
vat  ioluUe  in  water  and  alcohol ,  and  the  solution,  on  adding 
dkalit  bpaune  of  a  ganiet  red«  Solution  of  iron  gave  it  i^ 
Im  grcep  tiogo^  or,  whcp  very  concentrated,  threw  down  • 
|PeeQ  precipitate;  and  mi^riate  of  tin  occasioned  a  yellow 
ssdJment^    It  was  not  aflfected  by  solntiou  of  anioud  gela<* 


fnva  tbe  egqperiments  q{  Mr.  Hatchett,  it  appears  tba| 
im  bitter  principle  is  artificaily  finnned,  along  with  tani  by  tbt 
ittigii  of  nitric  acid  pn  indigo*  Mr.  Donovan  has  also  com* 
fmi  >t  bgr  the  action  of  strong  nitric  acid  on  an  equal  weight 
tf  Wg^9  lo  the  reiidua)  matter,  which  is  thick  and  tana* 
^Ipi^  its  presence  is  disguised  by  the  sourness  of  the  malic 
Md|  bot  becomes  sensible  when  this  is  neutralised  by  lime. 
Jtm  bitter  principle^  he  ^ouoeiv^Si  may  exist  in  unripe  firoiti, 
mA  may  affiirda  according^  aa  it  is  modified  by  vegetatiom 
iilhtr  mgar  or  v^eUUe  adds.* 

yfkm  obtained  from  indigo,  tbo  colour  of  this  principle  is 
a  deep  yeUow,  and  its  taste  intensely  bitter.  It  is  soluble  in 
viler  and  idcohol,  and  is  susceptible  of  a  regular  crystalUied 
fapQ.  It  unites  with  alkalis,  and  composes  crystalliaable  salt«. 
bi  omipouud  with  potassa  detonates  when  struck  with  a 
fcmmtft,  lAd  inflames  like  gunpowder  when  thrown  csi  hot 
AvpouU  On  the  wholes  it  uppeaxs  better  entitled  to  raukMit 
dktinct  principle^  than  that  which  is  extracted,  tgr  infevoit 

tauvegrtiUee. 
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mended  by  Robiquet.*  A  concentrated  solution  of  a  poand 
of  opium  in  water  is  to  he  boiled  wi(b  10  or  12  drachms  of 
carbonate  of  magnesia,  during  a  quarter  of  an  hour.  A  gre}ish 
deposit  is  forined  in  considerable  quantity,  which  is  to  be 
washed  first  with  cold  water,  and  next  with  hot  and  weak 
alcohol,  which  takes  up  a  small  quantity  of  morphia  and 
much  colouring  matter.  It  is  afterwards  washed  with  a  little 
cold  and  concentrated  alcohol,  and  then  boiled  with  a  suffi- 
cient quantity  of  the  same  fluid,  which,  at  that  temperature, 
dissolves  morphia.  On  cooling,  morphia  is  deposited  a  little  co- 
loured ;  but  by  repeating  the  operation  three  or  four  times,  it 
may  be  obtained  colourless,  and  crystallized  in  regular  paral- 
lelopipeds  with  oblique  fiices. 

Dr.  Thomson  finds  that  morphia  may  easily  be  procured,  in 
a  state  of  purity,  by  pouring  liquid  ammonia  into  a  strong  in- 
fusion  of  opium ;  separating  by  a  filter  the  brownish  white 
precipitate  which  is  formed ;  evaporating  the  infusion  to  about 
l-6th  of  its  bulk,  and  adding  more  ammonia,  whiph  throws 
down  a  fresh  precipitate.  These  precipitates  are  xinpure 
morphia.  To  purify  it,  pour  a  little  alcohol  upon  it,  and  let 
the  alcohol,  which  chiefly  takes  up  the  colouring  matter,  pass 
through  the  filter.  Dissolve  the  residuun^  in  acetic  acid,  and 
mix  the  solution,  which  will  haye  a  deep  brown  colour,  with  a 
sufficient  quantity  of  ivory  black.  After  being  occasionally 
agitated  during  24  hours,  and  thrown  upon  a  filter,  a  colour- 
less liquid  passes  through,  firom  which  ammonia  now  precipi- 
tates pure  morphia  in  the  state  of  a  white  powder.  If  this  be 
dissolved  in  alcohol,  and  the  solution  slowly  evaporated,  mor- 
phia is  obtained  in  pretty  regular  cry^talsi  which  are  four- 
sided  rectangular  prisms.    (Ann.  of  Phil.  xv.  470.) 

Pure  morphia  is  perfectly  white,  has  i^  p^rly  lustr^  is  cles* 
titute  of  smelly  but  has  an  intensely  bitter  taste.  It  dissolve 
in  boiling  water  pnly  in  small  prc^rtion,  but  is  very  soluble 
in  heated  alcohol  and  ether,  and  the  solutions  are  intensely 
bitter.  The  watery  apd  alcoholic  solutions  afiect  test  papers  like 
an  alkali,  and  Rooiquet  found  this  property  to  be  most  distinct 
in  morphia  prepare^  by  the  intervention  of  magnesia,  though 
proved,  by  tes  complete  destruction  by  bummg,  to  be  free  fhun 
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ay  portion  of  that  earth.  It  forma  neutral  s&tts  with  acids, 
■nd  appean,  therefore,  to  approach  closely  in  its  characters  to 
tn  bIIuU,  which  it  bIso  resembles  in  decom|K>sing  the  oom- 
p(KiDt]»  of  acids  with  metallic  oxides. 

Morphia  fuses  at  a  moderate  heat,  and  resembles  melted 
Hilphnr.  On  cooling  from  this  state,  it  cryslallize*.  It  unites 
«ith  fiulphar,  but  b  incapable  of  forming  soap  with  an  oxidized 
«iL 

Its  eSi^cts  on  the  human  body  are  those  of  a  most  violent 
pwMo.  Three  half  grains,  taken  in  succession  with  intervals 
«f  half  an  hour  by  the  same  person,  produced  violent  vomiting 
•nd  alarming  faintings. 

Tinctures  of  opium,  it  is  observed  by  Sertuerner,  should  be 
prepared  with  pure  alcohol,  and  kept  in  a  place  which  is  not 
Tcry  cold;  for  a  low  temperature  causes  a  precipitation  of 
aorphis.  The  addition  of  a  little  acetic  acid  prevents  this  in- 
NQTcnience,  without  diminishing  the  efficacy  of  morphia  oa 
tbe  animal  system. 

Another  ingredient  of  opium  is  the  meconk  add,  which,  ae- 
(OtdiDg  to  Robiquet,  is  best  ohtained  from  the  residuum  of 
die  mognesian  salt,  left  undissolved  by  alcohol  in  the  procesc 
(or  extracting  morphia.  This  residue  may  be  dissolved  in  very 
>eak  sulphuric  acid,  and  to  the  solution  muriate  of  baryta 
nuy  be  added.  A  rose-coloured  precipitate  falls,  consisting 
of  sulphate  and  meconate  of  baryta.  This  is  to  be  digested 
s  considerable  lime  with  hot  sulphuric  acid  largely  diluted. 
When  the  filtered  liquor  is  sufficiently  reduced  by  evoporation, 
the  meconic  acid  shoots,  even  before  cooling,  into  coloured 
Eryitals.  To  obtain  it  pure,  it  must  be  washed  with  a  small 
quintity  of  water,  then  dried,  and  sublimed  at  a  gentle  heat. 

This  acid  is  fusible  at  a  temperature  considerably  above  that 
ef  boiling  water.     It  reddens  vegetable  blues,  and  is  extremely 
soluble  in  alcohol  and  in  water.     Ita  distinguishing  character  ' 
ti,  that  it  produces  an  intensely  red  colour  in  solutions  of  iroif 
oxidized  to  the  maximum.     Sertuerner  did  not  find  that  when   I 
taken  into  the  stomach,  it  b  capable  of  producing  any  of  ths  , 
effects  of  opium. 

The  salt  of  Derosne,  it  appears  from  the  experiments  of  J 
R^^iqnet,  is  not,  as  Sertuerner  supposed,  a  compound  of  inor»-  j 


phia  &nd  meconic  acid.  The  watery  solution  of  opium.  Creed 
from  moiphin  and  meconic  acid,  contains  another  add  ch»- 
racterized  by  a  difFtrent  train  of  proper  tie*,  which  may  be  se- 
parated by  n  process  somewlmt  circuitous.*  This  acid  is  Dot 
volatile,  and  has  no  peculiar  action  on  the  salts  of  iron.  With 
morphia  it  affords  salts  thnt  arc  readily  soluble  in  alcohol  and 
in  water.  Morphia  and  the  salt  of  Derosne  appear,  from  the 
cxperimcnis  of  Robiqtiet,  to  be  both  ingredients  of  opiitDi| 
which  arediSerent  and  independent  of  each  other. 

Beside  the  ingredients  which  have  already  been  mentioned, 
opium  contains  extract,  which  forms  with  morphia  a  com" 
pound  almost  insoluble  in  water,  but  very  soluble  in  acids. 
A  considerable  proportion  of  resin,  and  a  small  quantity  of 
caoutchouc,  enter  also  into  the  composition  of  opium.  Tbe«e 
are  entirely  destitute  of  sedative  properties,  when  received 
into  the  stomach.  They  remain  after  acting  on  opium  first 
with  water,  and  afterwards  with  muriatic  acid.  When  the 
residue  is  digested  with  alcohol,  the  resinous  matter  is  taken 
up;  and  from  the  remaining  mass,  which  has  resisted  the 
■ctioti  of  alcohol,  the  caoutchouc  may  be  extracted  by  rectified 
ether. 

Art.  S. — 0/  Strychnia. 

Strychoia  was  detected  by  Pelletier  and  Caventou,  in  1818, 
in  the  fruit  of  the  Sln/chnos  Nux  Vomica,  and  Strycknos  Ignatia, 
The  bean  was  rasped  down  as  small  as  possible,  and  then  ex- 
posed to  the  action  of  heated  nitric  ether.  The  residue,  thus 
de))rived  of  a  quantity  of  fatty  matter,  was  digested  in  alcohol, 
added  in  successive  portions  as  long  as  it  continued  to  dissolve 
anything.  The  alcoholic  solutions  were  evaporated,  and  the 
residue  dissolved  in  water.  From  the  watery  solution,  liquid 
potassa  threw  down  a  iriiite  crystalline  precipitate;  which  w«s 
strychnia.  It  was  purified  by  wasliing  it  witli  cold  water,  dis- 
solving in  alcohol,  and  crystallizing  it.  Strychnia  was  sepa- 
rated also  from  the  bean  of  the  slrycluios  ignatia  by  the  use  of 
magnesia,  in  the  same  manner  as  Hobiquet  had  obtained  mor- 
phia from  infusion  of  opium. 


*  Ann.  d«  Cbim.  at  Phj*.  v.  p.  SU, 
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Sbyehma  crjilalliies  in  very  small  four-sided  prisms,  ter- 
amnted  bj  fimr-sided  low  pyramids.  It  is  white,  intensely 
bitter,  destitute  of  smellf  neither  fusible  nor  volatile  at  mo- 
dbate  temperatures,  very  sparingly  soluble  in  cold  water,  and 
cfen  in  hot  water,  of  which  it  requires  for  solution  2500  times 
ilB  weight.  But  though  it  is  not  soluble  in  less  than  from  6 
l»  7O0O  parts  of  cdd  water,  the  solution  may  be  diluted  with 
100  times  its  volume  of  water  without  losing  its  taste*  It  is 
sue  of  the  most  virulent  and  active  poisons  yet  discovered. 
Half  a  grain,  blown  into  the  throat  of  a  rabbit,  brought  on 
Isdced  jaw  in  two  minutes,  and  in  five  minutes  proved  fataL 

Strychnia  acts  as  a  base  to  acids,  and  forms  a  distinct  set  of 
sslts^  which  are  described  in  the  Annals  of  Philosophy,  xvi.  SO, 
md  in  the  Ann.  de  Chim.  et  Phys.  x.  142. 

Art.  S.'^Of  Bruda. 

This  substance  was  also  extracted  bv  Pelletier  and  Caven- 
ton  from  the  bark  of  the  Brucia  Aniidysenterica.  The  bark 
was  first  digested  in  sulphuric  ether,  and  then  in  alcohol ;  the 
alcoholic  solution  evaporated ;  and  the  dry  residuum  dissolved 
m  water.  This  solution  was  saturated  with  oxalic  acid,  and 
er^wrated  to  dryness.  Alcohol,  digested  on  the  residue,  took 
up  the  colouring  matter,  and  left  the  oxalate  of  brucia  pure. 
This  salt  was  decomposed  both  by  lime  or  magnesia,  which 
fixmed  insoluble  salts  with  the  oxalic  acid,  and  left  the  brucia 
solahle  in  water,  of  which  it  requires  500  parts  at  212%  and 
850  at  common  temperatures. 

Bmda  crystallizes  in  oblique  prisms  with  parallelograms  for 
tbdr  bases.  It  has  a  bitter  taste,  but  less  so  than  strychnia. 
This  state  is  more  acrid,  however,  and  continues  for  a  longer 
time.  It  melts  when  heated  to  a  little  above  212%  and  con- 
geals on  cooling  into  a  mass  resembling  wax.  It  dissolves  in 
lolphoric  and  other  acids,  and  neutralizes  them,  affording  a 
distinct  class  of  central  salts.  (See  Ann.  of  Phil.  xv.  Sll,  or 
ADD.deChim.  et  de  Phys.  xii.  11 S.) 

Art.  4.-0/  Delphia. 

This    alkaline  principle  was  detected  in   1819,  by  MM. 
Td^waigiw.and  Feneulle,  in  the  seeds  of  the  Delphkmm  Sia* 
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pbysagria,  or  Slai<esncre,  in  which  it  exists  united  with  malic 
acid.  The  seeds  were  well  cleaned  and  reduced  to  a  pulp  ( 
then  boiled  with  water ;  and  die  fluid  part  separated  by  a  filter. 
The  liquid  w&a  boiled  for  some  minutes  with  a.  quantity  of 
pure  magnesin.  The  solid  part  of  this  mixture  was  then  sqw- 
rated  by  a  filter,  and  digested  in  boiling  alcohol.  From  Uiig 
■olution,  by  evaporation  at  a  gentle  heat,  delphia  was  obtaia«d 
in  a  slate  of  tolerable  purity. 

Delphia  is  a  white  powder,  having  a  crystalline  textui^ 
whde  moist,  but  becoming  opake  by  expoiiure  to  air.  lu 
taste  is  intensely  bilter  and  acridi  it  is  destitute  of  unell.  ]( 
melts  when  heated,  and  resembles  liquid  wax,  and  on  cooling 
becomes  hard  and  brittle  like  resin.  Cold  water  does  not 
dissolves  a  sensible  portion,  though  it  acquires  an  acrid  taUe, 
Alcohol  and  sulphuric  ether  dissolve  it  readily,  and  the  former 
■olution  gives  a  green  colour  to  syrup  of  violets,  and  restores 
the  blue  colour  of  litmus,  which  has  been  reddened  by  vinu^. 

Delphia  unites  with  acids,  and  forms  neutral  sails,  which 
are  all  very  soluble  in  waler,  and  have  a  very  acrid  and  bitter 
taite.    (Ann.  of  Phil,  xvl,  or  Ann.  de  Chim.  et  de  Fhys.  xU.) 

Art.  S. — Of  Picroloxia. 

This  name  has  been  given  by  BouUay  to  the  acrid  narcotic 
principle  residing  in  the  cocculus  indicus,  the  fruit  or  beriy  of 
the  Menispermum  Cocculus.  From  a  strong  infusion  of  the 
weds,  ammonia,  added  in  excess,  precipitated  a  white  graaular 
crystalline  powder.  This  powder,  after  being  washed  wilfc 
cold  water,  partially  dissolved  in  alcohol  without  colouring  it; 
ftnd  on  the  spontaneous  evaporation  of  the  alcohol,  was  sepft> 
rated  in  beautiful  silky  needles.  Similar  crystals  were  obtaiiv 
ed  by  adding  pure  magnesia  to  an  alcoholic  infusion  of  the 
weds.  A  greyish  deposit  was  formed)  which,  after  being  lixi- 
viated with  boiUng  alcohol,  afforded  crystals  as  before. 

Picrotoxio,  thus  obtained,  has  the  following  propertiea : 

1.  It  is  white,  and  crystallizes  in  four-sided  prisms.  lu 
taste  is  disgustingly  bitter.  One  hundred  parts  of  boiling  wa- 
ter dissolve  only  four  of  plcrotoxia,  and  of  this  one^halT  tt 
deposited  on  cooling.  The  solution  does  not  aflect  vegetable 
blue  colours.  ' 

2    Alcohol  of  the  specific  gravity  ,810  diuolTCi  oil«4lttrd  ili 
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«c^  of  pierMoxia.  The  addition  of  a  little  water  throws 
dowB  a  precipitate^  which  a  larger  quantity  re-distoWes. 

8«  SuIphuHc  arid  has  no  remarkable  action  on  picrotozia. 
Mtrie  acid  ^Ussolves  it,  and  forms  a  yellowish  green  solution, 
which}  when  heated  and  eraporated,  yields  oxalic  acid.  It  dis«> 
sobes  in  acetic  acid,  and  is  precipitated  by  carbonate  of  po* 
tana.     It  is  soluble  also  in  weak  solutions  of  the  pure  alkalis. 

The  tftlts  of  picrotoxia  are  described  in  the  Annals  tt  Phi- 
tosophy,  Xfi^  is. 

Art.  6^ — O/Alropia* 

In  the  analysis  of  the  leaves  of  the  Atropa  ietladonnaf  M. 
Biandes  found  that  pure  alkalis  precipitated,  from  the  decoc- 
tioo  of  the  leaves  in  water,  a  substance  which  had  alkaline 
pqierUes  like  morphia.  He  boiled  two  pounds  of  the  dried 
kstes  in  repeated  quatitities  of  water,  mixed  the  decoctions, 
sad  added  a  little  Sulphuric  add,  which  rendered  the  Solution 
diiimer,  and  enabled  it  more  readily  to  pass  the  filter.  The 
deooctton  was  then  supersaturated  with  potassa,  by  which  he 
obtained  a  precipitate  that,  after  being  washed  with  pure  water 
Ind  dried,  weighed  89  grains.  It  consisted  of  small  crystals, 
ftom  which,  by  repeated  solution  in  acids  aiid  precipitation  by 
likalis,  the  new  alkaline  substance,  airopioj  was  obtained  in  a 

Mate  of  purity. 

The  external  appearance  of  atropia  varies  considerably  ac- 
cording to  the  mode  of  its  preparation,  being  either  gfanulaf, 
or  flaky,  or  gelatinous,  like  precipitated  alumma.  When  per- 
fectly pure,  it  is  snow  white,  otherwise  It  has  a  yellow  tinge. 
It  is  quite  tasteless. 

Cold  water  has  scarcely  any  effect  upon  dried  atropia,  but 
dnolves  a  minute  portion  when  recently  precipitated,  arid 
Wtling  water  dissolves  still  more.  It  is  very  sparingly  soluble 
in  cdd  alcohol,  but  boiling  alcohol  dissolves  it  readily,  though 
kss  abundantly  than  morphia,  and  on  cooling  the  greater  part 
it  again  deposited.  Ether  and  oil  of  turpentine  had  little 
cAct  upon  it  even  at  a  boiling  heat  Mot  oil  of  almonds  dis- 
lolved  a  much  larger  quantity  of  it,  and  seemed  to  become 
lets  fluid. 
Atfopia  forms  salts  with  adds,  the  great^t  llumUt  <>f  which 


are  readily  soluble  in  water;  but  they  caunot  be  obtained 
without  such  nn  excess  of  acid  as  affecls  the  colour  teats. 
There  cannot,  however,  be  a  doubt  that  atropia  serve*  &■  a 
base,  and  is  a  true  alkali;  and  tlicre  arc  strong  reasons  for  be> 
lieviiig  tlmt  its  combinations  with  sulphuric  and  muriatic  acids 
are  bi-sulp/iales  and  bi-murialcs.  At  present  it  would  bepre- 
mature  to  assign  the  etjuivaleiit  oFthiK  alkali. 

Atropia  produces  violent  effects  on  the  animal  system,  and 
M.  Brandes  was  obliged  lo  refrain  from  its  investigation  by  Uie 
unpleasant  symptoms  which  it  occasioned.  Even  the  vapoar 
of  its  different  salts  produced  giddiness,  and  dilatation  of  the 
pupils  of  the  eyes.     ( Ann.  of  Phil.  N.  S.  i.  263.) 

Aar.  I.—Of  Feratria. 

In  July  1619,  MM.  Pelletier  and  Caventou  discovered  a 
new  vegetable  alkali  united  with  .in  excess  of  gallic  acid  in  the 
aecdsoflhe  yeralriimSobadiiia,  the  root  of  facial  rum  /llbum, 
and  in  that  of  the  Colch'wum  AulumnaU.  Alter  acting  upon 
Uie  seeds  with  ether,  the  residue  was  digested  In  licatcd  alco- 
hol. By  its  action  a  coloured  tincture  was  obtained,  whicht 
on  cooling,  deposited  white  flakes  analogous  to  wax.  Theli- 
quid  portion,  evaporated  to  dryness,  wav  soluble  in  cold  water, 
except  a  small  quantity  of  fatty  matter.  The  watery  solution^ 
gently  evaporate<l,  deposited  an  orange- col  on  red  precipitate, 
and,  when  this  ceased  to  appear,  acetate  of  lead  was  poured 
into  the  residuary  liquor,  which  had  still  a  deep  colour.  In- 
mediately  a  very  abundant  yellow  precipitate  fell,  which  wac 
separated  by  a  filter ;  and  the  liquid,  which  passed  through, 
was  almost  colourless.  It  contained,  beside  other  substancea, 
acetate  of  lead,  from  which  the  lead  was  precipitated  by  soU 
phureted  hydrogen.  To  the  liquid,  filtered  and  concentrated 
by  evaporation,  magnesia  was  added,  and  it  was  again  filtered- 
The  clear  liquid  contained  acetate  of  magnesia  and  colouring 
matter;  the  magnesian  precipitate  was  washed  witli  several 
portions  of  alcohol ;  and  the  alcoholic  solution  gave,  on  evapt^ 
ration,  a  jwwder  which  was  excessively  acrid,  and  bod  di^ 
tinctly  alkaline  characters. 

Veratria  U  white  nad  pulvcruleot,  and  destitute  of 
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bat  wlwB  inhaled  into  the  noetrils,  it  produces  violent  and 

dugeroos  aneesini^  even  when  the  quantity  is  too  small 

Id  be  wd^ied.    Its  taste  is  acrid  in  the  highest  d^^ree^  but 

vidK»t  any  bitterness.    In  very  minute  quanti^,  it  produces 

dieadfal  aiclmess  and  vomiting,  and  in  the  quantity  of  a  Sew 

gnins  would  doubtless  prove  &tal. 

It  is  not  more  soluble  in  cold  water  than  morphia  or  strych- 

Boflii^  water  takes  up  1-lOOOth  of  iu  weight,  and  ac- 

an  acrid  taste.    It  is  extremdy  soluble  in  alcohol;  and 

also  dissolves  it,  but  in  less  quantity. 

Yentria  ifases  at  the  temperature  of  13S^,  and  has  then  the 

sppearanoe  erf"  melted  wax ;  on  cooling,  it  becomes  semi-trans- 

psient  and  amber-coloured.    It  restores  to  blue  the  colour  of 

seddened  litmus  paper,  and  saturates  acids,  forming  with  them 

tths  which  are  not  crystallizable^  and  the  elements  of  which 

«e  so  weakly  combined  as  to  be  separated  by  the  mere  action 

sf  water.    Nitric  acid,  if  heated  and  concentrated,  alters  the 

iRsngement  of  its  elements,  and  decomposes  it,  but  does  not 

pradnce  a  red  colour,  as  with  morphia,  strychnia,  and  brucia. 

h  this  reqpect,  and  in  affording  acid  salts,  it  approaches  to 

picnloua.    (Ann.  de  Chim.  et  de  Pbys.  xiv.  69.) 

Art.  8. — Of  Hyoscyama^ 

In  the  Annals  of  Philosophy,  xvi.  69,  is  a  brief  notice  of 
iDotlier  alkali  extracted  by  M.  Brandes  from  Hyoscyamus 
N^,  or  hoibane.  It  is  not  easily  altered  by  a  high  tempera- 
tire^  even  when  heated  to  redness  with  charcoal.  It  crystal- 
lises in  long  prisms,  and,  when  saturated  with  sulphuric  acid, 
cridll  better  with  nitric  add,  affi>rds  very  characteristic  salts. 

Art.  9. — Of  Cmchonia  and  Quinia, 

Cmdumia  was  first  extracted  by  Dr.  Gom^  of  Lisbon,  from 
Pernvian  bark  {Cinchona  Condaminea);  but  the  process  which 
hefiillowed,  leaving  it  united  with  some  other  matter,  it  was  at 
first  mistaken  for  a  resin.  MM.  Pelletierand  Caventou  were 
the  first  who  suspected  that  cinchona  contained  a  salifiable  base 
andogoua  to  morphia  and  the  other  vegetable  alkalisi  and 
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verified  this  notion  by  examining  its  properties  in  a  state  ol 
purity.  The  following  priKess  for  obtaining  it  is  given  by  Mi 
Baiiollier,  Ann.  de  Cliim.  et  de  Pliys.  xvii.  275.  , 

A  pound  or  yellow  bark,  bruised  small,  is  to  be  boiled  for  $ 
qtiarler  of  an  hour  in  three  pints  of  n  very  dilute  solulioa  c^ 
purepotassu.  The  liquid,  after  being  suffered  to  cool,  is  thetiM 
be  strained  through  a  fine  cloth  with  pressure,  and  the  residuBUli 
repeatedly  washed  and  pressed.  Tlie  cinchona,  th  ^  wash«4 
is  to  be  slightly  lieatcd  in  a  sufficient  quantity  of  water,  nddingj 
muriatic  acid  gradually  until  litmus  paper  is  slightly  reddenedil 
When  the  liquid  is  raised  nearly  to  the  boiling  point,  it  is  to 
be  sttained,  and  thecinchona  again  pressed.  To  the  straiiw)|> 
liquor,  while  lio(,  add  on  ounce  of  sulphate  of  magnesia,  and 
after  this  add  solution  of  potassa,  till  it  ceases  to  occasion  at^ 
precipitate.  When  the  liquor  is  cold,  collect  the  precipitala, 
eti  a  filter,  wash  and  dry  it,  and  dissolve  it  in  hot  alcohol.  OUi 
evaporation  of  the  alcohol,  thecinchoniacrystallizesindelicala. 
prisms. 

Cinchonia  thus  obtained  is  white,  translucent,  crystalliiick  i 
and  soluble  in  3500  times  its  weight  of  boiling  water,  but  ft 
considerable  part  separates  on  cooling,  lis  taste  is  biuet) 
though  long  in  being  developed  owing  to  its  insolubility;  but  \ 
its  acid  solutions  have  a  strong  taste  of  Peruvian  bark.  It  b  | 
neither  fusible  nor  volatile  at  moderate  temperatures.  It  b  j 
4rery  soluble  in  alcohol  and  ether,  and  s)mringly  so  in  Sxed  and  ' 
Volatile  oils. 

Cinchonia  restores  the  colour  of  litmus,  which  has  been  red-  i 
dened  by  an  acid;  unites  with  all  the  acids;  and.   with  the  I 
greater  number,  forma  compounds  which  are  perfectly  neuiraL  i 
The  sulphate  is  very  soluble,  has  an  intensely  bitter  loMe,  "M 
crystallizes  in  four-sided  prisms.     The  muriate  is  still  mora  ' 
soluble  in  water  than  the  sulphate ;  dissolves  in  alcohol ;  and 
crystallizes  in  delicate  prisms.     The  nitrate  is  not  cr^'slalUzable. 
The  oxalate,  tartrate,  and  galUte  of  cinchonia  are  insolable. 
Hence  it  is  that  infusion  of  galls  precipitates  the  decoction  of 
cinchonia.     {Sec  Ann.  de  Chim.  et  Phys.  xv.  289,  3S7 ;  xtii. 
873,  9l6i  and  Anu.ofPhil.  N.S.  ii.316). 

Quinia  was  discovcre<l  by  Pelletier  and  Caventou  in  tbc  bark 
•f  Ibt  OnnAom  Oor^/viia.    It  ma;  be  wparat«d  by  if 
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precisely  analogous  to  the  foregoing.  It  is  not  crystallizable, 
but,  when  driedi  presents  a  whitish  porous  mass,  almost  inso- 
luble  in  water,  but  extremely  bitter.  It  is  distingubhed  also 
from  cinchonia  by  its  forming,  with  the  same  acid,  salts  which 
differ  as  to  their  form,  and  the  proportion  of  their  elements. 
The  sulphate  of  quinia  is  less  soluble,  but  fully  as  bitter  as  that 
of  cinchonia.  It  crystallizes  in  fine  needles,  which  have  the 
aspect  of  apianthus. 

Botli  these  vegetable  alkalis,  when  decomposed  by  peroxide 
of  copper,  yield  only  water  and  carbonic  acid,  but  no  azote. 

According  to  Pelletier  and  Caventou,  the  Cinchona  Conda* 
minea  is  composed  of 

!•  Cinchonia  united  to  kinic  acid. 
2.  A  greenish  fatty  matter. 
5,  A  red  insoluble  matter. 

4.  A  red  soluble  matter  (a  variety  of  tan). 

5.  Yellow  colouring  matter. 

6.  Kinate  of  lime. 

7.  Gum. 

8.  Starch. 

9.  Lignin. 

Tlie  other  varieties  of  cinchona  present  the  same  ingre- 
dients in  different  proportions.  Vnuquelin  found  that  those 
8|)ecimens  of  Peruvian  bark  possess  the  greatest  medicinal  ef- 
ficacy, whose  infusions  arc  precipitated  not  only  by  infusion  of 
nut-galls,  but  by  solutions  of  gelatine,  and  of  emetic  tartar. 
The  inefficiency  ofall  these  agents,  when  applied  as  tests  to  an 
infusion  of  Peruvian  bark,  was  observed  to  take  place  only  in 
those  specimens,  which  experience  had  shown  to  be  destitute 
of  medicinal  virtues. 


SECTION  XVIII. 
Of  Siller  and  Us  Acid. 

This  name  has  been  used  to  denote  common  cork  wood, 
which  appears  to  be  possessed  of  peculiar  propertiesi  especially 
in  its  rehition  to  nitric  acid. 

VOL,  lu  V 
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Cork-wood  appeurs,  however,  from  the  experiments  of  Cher* 
reul,  to  contain  several  substances,  which  may  be  separated 
from  each  other  by  the  successive  action  of  water  and  alcohol 
applied  by  means  of  a  small  Papin's  digester  of  a  peculiar  con- 
struction, which  he  has  described  in  the  Ann.  de  Cbimie^ 
xcvi.  149.  To  water  thus  raised  above  its  ordinary  boiling 
point,  cork  gave  out  an  aromatic  principle,  and  a  little  acetic 
acid,  which  passed  over  into  the  receiver.  The  waiBry  extraet 
containec^  a  variety  of  substances,  viz.  two  colouring  matters, 
the  one  yellow,  the  other  red ;  an  acid,  the  nature  of  whidi 
was  not  determined ;  gallic  acid  ;  an  astringent  matter ;  gal- 
late  of  iron,  &c.  Twenty  parts  of  cork  thus  treated,  left  17.15 
of  insoluble  matter,  which,  when  digested  with  alcohol,  yielded 
three  distinct  substances,  cerin,  resin,  and  a  peculiar  oil. 
When  the  alcohol  was  evaporated  to  one«-sixth  and  set  aside, 
the  cerin  separated  in  small  white  needles,  not  fusible  in  boil- 
ing water,  but  becoming  soft  and  settling  to  the  bottom.  Ce- 
rin, thus  obtained,  is,  in  a  very  small  degree^  more  soluble  than 
wax  in  alcohol,  1000  parts  of  boiling  alcohol  taking  up  2.42 
of  cerin  and  only  two  parts  of  wax.  Nitric  acid  gradually  dis- 
solves cerin,  and  changes  it  into  oxalic  acid.  Its  properties 
differ,  therefore,  from  those  of  the  substance  to  which  the 
same  name  was  given  by  Dr.  John  (see  page  275.) 

Of  the  20  parts  of  cork-wood  thus  successively  treated  with 
w(iter  and  alcohol,  14>  parts  remained  undissolved.  They  con- 
sisted of  suber,  probably,  however,  not  perfectly  pure :  but  of 
its  properties  in  that  state,  we  have  as  yet  no  accurate  know- 
ledge.    (See  Ann.  of  Phil.  ix.  52.) 

Brugnatelli  first  converted  cork  by  nitric  acid  into  an  acid 
having  some  of  the  properties  of  the  oxalic  and  benzoic,  but 
proved  by  the  subsequent  investigation  of  Bouillon  la  Grange 
and  Chevreul  to  be  a  distinct  and  peculiar  compound.  It  may 
be  prepared  from  cork-wood  by  the  following  process: 

To  a  quantity  of  cork,  grated  into  powder,  and  contained 
in  a  tubulated  retort,  add  six  times  its  weight  of  nitric  acid, 
of  the  specific  gravity  1.260;  and  distil  the  mixture,  with  a 
gentle  heat,  as  long  as  any  red  vapours  escape.  As  the  dis- 
tillation advances,  a  yellow  matter,  like  wax,  appears  on  the 
surface  of  the  liquid.      While  the  contents  of  the  retort 
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eastboe  hot,  tlicy  are  to  be  poured  into  a  glaia  vessel,  placed 
flBiamd-bathy  and  constantly  stirred  with  a  glass  rod,  by 
vUcb  means  the  liquid  gradually  becomes  thick.  As  soon 
viiute  penetrating  vapours  appear,  let  it  be  removed  from 
tbiiiid-bath,  and  stirred  till  it  becomes  cold.  An  orange- 
doired  mass  will  be  obtained,  of  the  consistence  of  honey, 
kri^  a  strong  and  sharp  odour  while  hot,  and  a  peculiar 
•matic  mell  when  cold.  On  this,  pour  twice  its  weight  of 
y&ag  water;  apply  heat  till  it  liquefies;  and  fi]ten  The 
Altered  liquor,  as  it  cools,  deposits  a  powdery  sediment,  and 
keoma  covered  with  a  thin  pellicle.  The  sediment  is  to  be 
apmted  by  filtration ;  and  the  liquid  reduced,  by  evapora- 
^  nearly  to  dryness.  This  mass  is  the  suberic  acid.  It 
■ly  be  purified,  either  by  saturating  it  with  alkali,  and  preci- 
fihtiDg  by  an  acid,  or  by  boiling  it  with  charcoal  powder. 

Soberic  acid  has  the  following  properties : 

1.  It  is  not  crystallizable. 

1  It  has  an  acid  and  slightly  bitter  taste ;  nnd,  when  dis- 
iolTed  in  boiling  water,  it  acts  on  the  throat,  and  excites 
coifhing. 

8.  It  reddens  vegetable  blues,  and  changes  the  blue  solu- 
&n  of  indigo  in  sulphuric  acid  to  green. 

4.  Cold  water  dissolves  about  -rfo  ^^^  ^^^  weight,  and  boiling 
**U!r  half  its  weight. 

B,  It  attracts  moisture  from  the  air. 

6.  When  heated  in  a  matrass,  it  sublimes,  and  is  obtained 
u  ooDcentric  circles,  composed  of  numerous  small  points. 

7.  With  alkalis,  earths,  and  metallic  oxides,  it  forms  a  closs 
^^  salts  called  Suberates. 


SECTION  XIX. 

Of  Bitumens. 

Though  bitumens,  on  account  of  their  origin,  are,  with 
Biore  propriety,  classed  among  mineral  substances;  yet,  in 
dieaiical  properties,  they  are  more  closely  allied  to  the  pro- 
ducts of  the  vegetable  kingdom.    Like  vegetable  substances 

u  2 
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in  general,  they  burn  in  the  open  air,  and  with  a  degree  of 
brightness  that  surpasses  even  that  of  resins.  By  distillation 
per  se,  they  yield  weak  acetic  acid,  an  empyreumatic  oil,  some 
ammonia,  and  a  considerable  quantity  of  olefiant  and  carbu- 
reted hydrogen  gases,  with  occasionally  a  small  proportion  of 
carbonic  acid  and  sulphureted  hydrogen.  They  are  neither 
soluble  in  water  nor  in  alcohol,  and  in  the  latter  respect 
they  differ  from  resins.  There  can  be  little  doubt  that 
they  have  been  formed  originally  by  the  decomposition  of  ve- 
getables. 

The  bitumens  have  been  divided  into  liquid  and  solid. 
Formerly  it  was  supposed  that  the  liquid  bitumens  bad 
been  derived,  by  a  sort  of  natural  distillation,  from  the  solid ; 
but  Mr.  Hatchett  has  rendered  it  probable  that  the  solid 
bitumens  result  rather  from  the  consolidation  of  the  fluid 
©nes.* 

The  native  bituminous  substances  are  Naphtha,  Petroleum, 
Mineral  Tar,  Mineral  Pitch,  Asphaltum,  Jet,  Pit-CoaU  Bitu- 
minous Wood,  Turf,  and  Peat.  To  these  some  writers  have 
added  Amber  and  the  Honey-Stone. 

Naphtha  is  a  substance  well  known  to  mineralogists  as  a 
light,  thin,  often  colourless  oil,  highly  odoriferous  and  in- 
flammable, which  is  found  on  the  surface  of  the  water  of  cer- 
tain springs  in  Italy,  and  on  the  shores  of  the  Caspian  Sea. 
It  may  be  obtained  also  by  distilling  petroleum  at  a  low  degree 
of  heat.  It  has  a  penetrating  but  not  disagreeable  odour.  Its 
specific  gravity  is  about  .708,  or  according  to  Brisson  .8*5. 
Saussure  found  its  specific  gravity  in  its  natural  state  to  be  .886, 
after  one  rectification  .769,  and  after  two  .758 ;  but  it  could 
not  be  rendered  lighter  by  repeating  the  distillations.  It  does 
not  congeal  at  oP  Fahrenheit. 

Naphtha  is  very  volatile,  highly  inflammable,  and  burns 
with  a  penetrating  smell  and  much  smoke.  It  may  be  distilled 
without  alteration.  By  long  exposure  to  the  air  it  becomes 
thick  and  coloured,  and  passes  to  the  state  of  petroleum.  The 
addition  of  a  little  sulphuric  or  nitric  acid  produces  the  same 
change  more  speeclily.     It  is  not  miscible  either  with  water  or 


*  linnsean  Transactioni;  1797. 
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'  wtfliakohol^  nnless  the  alcohol  be  pure,  and  then  the  latter 
■ites  vith  one-fifth.  It  combines  in  all  proportions  with  sul- 
fkric  ether,  petroleum,  and  oils,  both  fixed  and  volatile.  It 
«Aeo8  caoutchouc,  but  docs  not  effect  a  perfect  solution  of 
it  When  heated,  it  dissolves  sulphur  and  phosphorus,  but 
kfoits  them  again  in  crystals  on  cooling. 

Naphtha  appears  to  be  the  only  fluid  we  are  acquainted 
lUi,  in  which  oxygen  does  not  exist  in  sonic  proportion. 
His  circumstance  renders  it  of  great  use  in  preserving.thc  new 
■etak  discovered  by  Sir  H.  Davy.  When  recently  distilled, 
dMjhttve  no  action  on  it;  but  in  naphtha  that  has  been  ex- 
fOKd  to  the  air,  these  metals  soon  oxidate ;  and  alkali  is  form- 
ed vhich  unites  with  the  naphtha  into  a  kind  of  brown  soap. 
When  carefully  rectified,  Saussure  did  not  find  that  it  was 
Ailialtered  by  being  kept  three  years  in  vials  half  full. 

lU  boiling  point  is  186%  Fahrenheit.  The  density  of  its 
i^wur  is  2.833,  air  being  1 ;  and  at  72-V°  Fahr.  it  supports  a 
ttbmn  of  quicksilver  1.78  inch  in  height.  Dr.  Thomson 
faesthc  boiling  point  of  Persian  naphtha  sp.  gr.  0.753  at  320° 
7ihr.  and  the  sp.  gr.  of  its  vapour  at  2.263,  the  temperature 
boDg55**  Fuhr.  A  mixture  of  this  vapour  with  common  air 
bonis  like  carbureted  hydrogen  gas.  By  its  detonation  with 
<Bygen  gas,  Saussure  determined  the  composition  of  naphtha 
lobe 

Carbon 87.21 

Hydrogen 12.79 

100.* 

Tliib  would  indicate 

6  atoms  of  carbon 36    8B 

5  ditto  of  hydrogen  .....     5    12 

41  100 

Dr*  Thomson  analyzed  Persian  naphtha  by  igniting  it  with 
peroxide  of  copper,  and  obtained  gaseous  products  indicating 
82.2  carbon  +  14.8  hydrogen  in  100  of  naphtha,  leaving  a 

*  Thomsotrs  Aiinals,  X.  118. 
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deficiency  ofd  per  cent  which  he  ascribes  to  axote.  The  pro* 
portion  of  the  atoms  of  carbon  to  those  of  hydrogen,  best  ac- 
cording with  these  experiments,  would  be  14?  of  the  former  to 
18  of  the  latter* 

Dr.  Ure*8  analysis  of  naphtha  sp.  gr.  0.857  obtained  by  dis- 
tillation from  petroleum,  assigns  moreover  an  atom  of  oxygen, 
viz. 

Carbon 22  atoms  ....  132   ..••  82.5 

Oxygen 1   ditto   •  • .  •       8   • . .  •     5. 

Hydrogen..  ••  20  ditto   ..••    20   ••..  12.5 


160  100. 

According  to  this  view,  naphtha  should  consist  of  20  atoms 
of  olefiant  gas,  +  1  of  carbonic  oxide^  +  1  of  free  carbon. 
It  is  probable,  however,  that  the  two  last  elements  are  to  be 
ascribed  to  tlie  impurity  of  the  specimen  submitted  to  analysis, 
which  seems  to  have  had  a  greater  specific  gravity  than  belongs 
to  highly  rectified  naphtha.  This  want  of  agreement  between 
different  results,  points  out  the  necessity  of  a  fresh  analysis  of 
naphtha. 

Petroleum  is  considerably  thicker  than  naphtha,  and  has 
a  greasy  kc\.  It  is  imperfectly  transparent,  and  of  a  reddish 
brown  colour.     Its  specific  gravity  is  .878. 

When  distilled  -per  se,  a  portion  of  colourless  naphtha  is 
first  obtained;  then  an  empyrcumatic  acid  liquor;  next  a 
thick  brown  oil ;  and  a  portion  of  black  shining  coal  remains 
in  the  retort. 

Petroleum  is  highly  inflammable.  Sulphuric  and  nitric 
acids  convert  it  into  a  thick  bitumen ;  and  exposure  to  the 
air  produces  the  same  effect  more  slowlj'.  It  has  the  property 
of  combining  with  fat  and  essential  oils,  with  resins,  camphor 
and  sulphur,  and,  when  rectified,  it  dissolves  caoutchouc. 

Mineral  Tar  is  thicker  and  more  viscid  than  petroleum, 
and  of  a  reddish  or  blackish  brown  colour.  In  chemical  pro- 
perties it  resembles  petroleum. 

The  solid  bitumens  are  Maltha,  Asphaltum,  and  Elastic 
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Bkmnen  or  Mineral  Caoatchouci  besides  the  several  varietiea 
of  Coal  and  Peat. 

Maltha  or  mineral  pitch  has  a  brownish  black  colour, 
and  little  or  no  lustre.  It  is  so  soft  that  it  is  impressed  by  the 
nails,  but  does  not  stain  the  fingers.  Its  specific  gravity  is 
from  1.45  to  £.06.  It  is  extremely  inflammable,  and  burns 
with  a  bright  flame,  leaving  only  a  small  quantity  of  ashes. 

Abpualtum  is  brownish  black  in  its  colour,  is  brittle^ 
ihiiiing,  and  does  not  stain  the  fingers.  Its  specific  gravity 
varies  from  1 .07  to  1.65.  It  is  extremely  inflammable,  and 
boras  with  a  yellow  flame.  By  distillation  per  S€j  it  yields  a 
li|^t  brown  oil  resembling  naphtha,  a  portion  of  water  im- 
pregnated with  ammonia,  and  a  quantity  of  carbureted  hy- 
frogen  gas.  It  has  been  analyzed  by  Klaproth,  whose  accounts 
rf  it  may  be  seen  in  the  second  volume  of  his  ^^  Contribu* 
Imis.'' 

The  appropriate  solvent  of  asphaltum  is  naphtha,  of  which 
ill  requires  five  times  its  weight.  The  solution  is  of  a  deep 
UidL  colour,  and  forms  an  excellent  varnish. 

Elastic  bitumen  or  mineral  caoutchouc,  is  a  rare  pro* 
doctbn  of  nature,  and  has  hitherto  been  found  only  in  Der« 
bjihire.  It  is  inflammable,  and  burns  with  much  smoke.  By 
>geQtle  heat  it  is  melted  and  converted  into  petroleum,  maltha, 
<if  asphaltum.     It  resists  the  action  of  solvents. 

Retinasphaltum  is  also  a  rare  production  of  the  same 
cwniy.  It  has  no  elasticity ;  but  is  brittle,  and  breaks  with  a 
glwy  fracture.  Its  colour  is  pale  ochre  yellow  ;  its  specific 
gnivity  1.135.  It  melts  on  the  application  of  heat,  and  burns 
vilh  a  bright  flame.  It  is  partially  soluble  in  alcohol,  potassa, 
V)d  nitric  acid.  One  hundred  parts  contain  BB  resin,  42  as-* 
pytum,  and  S  earthy  matter. 

Pit-coal  is  a  general  term,  applied  to  several  distinct  va- 
rieties of  minerals.  They  have  been  divided  by  Werner  into 
the  three  families  of  brown  coal,  black  coal,  and  glance  coal 
or  mineral  carbon. 

I.  Broum  coal  is  only  imperfectly  bitumcnized,  and  exhibits, 
distinctly,  the  remains  of  the  vegetables,  from  whose  decay  it 
bas  originated.     It  is  brown,  opaque,  somewhat  flexible  and 
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elastic  niid  nearly  light  enough  to  float  on  water.  It  bunni 
with  a  clear  flame,  and  with  a  bituminous  odour  mixed  with 
Uint  of  sulphur.  In  the  mode  of  its  combustion,  as  wdi  as 
tn  its  externnl  sp|)e3rnnce,  it  beors  a  considerable  rescmblauce 
to  wood  that  has  been  half  charred. 

II.  Black  coal  is  the  substance  which  is  commonly  np|))i«d 
111  the  purposes  of  fuel.  It  shows  no  remains  of  the  vegetable* 
from  whicli  it  has  originated ;  but  appeni-s  to  be  a  compound 
of  bitumen  and  charcoal ;  andaccurdin;^  to  the  proportion  of 
these  two  ingredients,  its  projKrlies  vary  considerably.  The 
best  kinds  melt  on  tlic  application  of  a  moderate  heat,  nnd 
burn  almost  entirely  away,  with  a  clear  bright  flame.  By 
distillation,  they  yield  a  qunniiiy  of  water  holding  curbonitia  ' 
and  sulphuret  of  ammonia  in  solution;  a  large  proportion  of 
tar  is  obtained,  which,  by  evaporation  and  fusion,  forms  a 
kind  of  asphiiltum ;  and  an  immense  production  takes  place  of 
oleliant  and  cnrburetcd  hydrogen  gases,  which  may  Ik-  advMU- 
tageously  applied  to  burning  in  lamps.  (See  vol.  i.  p.  41S.) 

In  die  rclorl,  a  hard  heavy  charcoal  remains  called  coke. 
It  contains  generally  a  good  deal  of  sulphur;  and  emits,  during 
combustion,  n  ^itflbcating  smell  of  sulplniroiis  acid. 

The  Werneriun  arrangement  of  black  coal  into  six  hub- 
vpecies,  does  not  appear  to  Dr.  Thomson  applicable  to  tlic  did 
fercnt  kinds  of  coal  which  are  found  in  Great  Britain.  H« 
proposes  four  subdivisions  only,  which  lie  distinguishei  by  the 
following  names, 

1.  Caking  coal,  so  called  because  its  fragments  melt  at  ■ 
certain  temperature,  aud  unite  into  one  mass.  The  co^  of 
Newcastle,  which  is  carried  to  London,  and  also  much  of  tlie 
coal  found  in  the  neighbourhood  of  Manchester,  and  in  va- 
rious other  pjirts  of  the  kingdom,  belong  to  this  species, 

2.  Splint  coal,  or  splenl  coal,  which  has  received  its  name 
from  the  splintery  appearance  of  its  cross  fracture.  It  has 
nUo  been  culled  luird  coal  from  the  difficulty  of  breaking  it. 
It  is  the  sort  best  adapted  for  making  coke,  and  extrncting  iron 
from  ittores;  though,  when  it  cannot  be  obtained,  other  ra- 
rtetics  of  coal  are  applied  to  those  |>urpoEcs, 

3.  C/icirff  cw//,— Tills  coal  abounds  in  the  neighbourhood  of 
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Oiaipiw  and  in  Staffordshire.  It  has  considerable  lustre, 
bodi  in  its  principal  fracture,  which  is  slatey,  and  in  its  cross 
firKtnre,  which  is  flat  and  conchoidal.  It  is  of  about  the  snnie 
degree  of  hardness  as  caking  coal,  and,  being  very  easily  fran- 
giUe,  there  is  considerable  loss  in  mining  it.  It  readily  catches 
fire^  bums  with  a  clear  yellow  flame,  and  is  com»unied  nuich 
kter  than  either  of  the  foregoing  species.  It  abound:;  in  the 
BCfhbourbood  of  Glasgow  and  of  Birmingham. 

4.  Cannel  coal  is  a  very  well  characterized  species.  It  is 
bond  of  the  best  quality  and  in  the  greatest  abundance  at  Wi- 
pn  in  Lancashire.  Its  great  combustibility,  and  the  vivid 
lif^t  which  it  emits,  have  occasioned  its  being  sometimes  sub- 
ittoted  for  candles.  As  it  does  not  at  all  soil  the  fingers,  and 
11  etsily  turned  by  a  lathe,  it  is  made  into  snuff-boxes,  ink- 
iksnds,  and  various  trinkets. 

The  fluid  and  gaseous  substances  obtained  by  the  analysis 
of  pit-coal  are  to  be  regarded,  not  as  mere  products  which  pre- 
aisted  in  the  coal  in  the  same  state  as  that  in  which  they  are 
evolved,  but  as  generated  by  the  action  of  heat  in  effecting  a 
Mv  arrangement  of  their  ultimate  elements.  Dr.  Thomson, 
tberefore,  considers  the  ultimate  analysis  of  coal  as  alone  capa- 
ble of  giving  any  satisfactory  information  of  its  nature.  With 
dusviewhe  analyzed  the  different  species,  by  combustion  with 
peroxide  of  copper.  The  proportion  of  incombustible  matter 
in  each  species  was  found  to  be  as  follows : 

In  100  grains  of  caking  coal 1 .5 

In  100  grains  of  splint  coal 9.5 

In  100  grains  of  cherry  coal 10. 

In  100  grains  of  cannel  coal 11. 

The  quantity  of  coke  formed,  and  of  volatile  matter  dissi- 
l^ated,  from  1000  parts,  are  expressed  in  the  following  Table. 

From  1000  parts  of  Weight  of  Coke.  Volatile  Mutter. 

Caking  coal 77^.0    226. 

Splint  coal 647.3    352.7    . 

Cherry  coal 522.5    477.5 

Cannel  coal 400 600. 
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Th«  two  rollowing  Tables  exhibit  the  results  oF  Dr.  Tbotn- 
oil's  analysis  of  the  four  different  species  ol'coal. 


I. 

Comlitttenls  hj  IFetghl. 

Carbon 

Hydrogen.  1  Azote. 

Oiyg™ 

Total. 

Caking  coal 

Stilintcoal 

Cherry  coal 

Cannel  coal 

75.28 
75.00 
74.45 
6'V.7Z 

4..18 
6.25 
12.40 
21.S6 

15.96 
G.25 
10.22 
13.72 

♦..58 
12.50 
2.93 
0.00 

100 
100 

100 
lOO 

II.  Constihimti  in  Atoms. 

CnrbDH. 

HydrogEn. 

Azote. 

Oxvgw. 

Xumbfr 
□fatonu. 

Caking  coal 

Splint  coal   

Clierrjr  coal 

Cannel  coal 

33 
38 
Si 
11 

11 
U 
Si 
22 

3 
1 
2 

I 

1.5 

3.5 

1 

0 

48.5 
4S.5 
71 
34 

Dr.  Ure  has  given  dilfcrent  results  for  splint  and  camtel 
coal  {Phil.  Trans.  1822,  p.  +71.)  But  as  azote  is  not  inclndnl 
in  them,  and  as  all  the  specimens  of  these  two  varieties  of  coal, 
which  I  have  ever  tried,  have  yicldetl  ammonia  by  dislillation, 
I  cannot  consider  the  ntomic  eonstitution,  wliich  he  has  ii»- 
slgned  to  these  two  bodies,  as  correct.  It  appears  to  me, 
Iiowe\er,  that  be  is  nearer  the  true  proportion  of  oxygen,  viz, 
21.06  in  100  parts  of  cannel  coal,  and  21.8  in  100  of  splint 
coal;  for  the  quantity  of  products  into  which  oxygen  enters 
(water,  carbonic  acid,  and  carbonic  oxide),  obLiined  by  the 
destructive  distillation  of  coal,  indicates  a  considerable  propor- 
tion of  that  clement. 

NAPHTHA1.INK. — This  substance,  though  not  a  native  bitu- 
men, may  be  described  in  this  place,  as  one  of  the  products  of 
the  decomposition  of  coal.  It  is  produced  abundantly  in  the 
first  and  second  distillations  of  coal  tar ;  and  separates  sponta- 
neously, especially  in  colli  weather,  from  the  volatile  oil  which 
comes  over.  After  being  purified  as  completely  as  possible, 
from  the  oily  matter  which  ndhcres  to  it,  by  being  pressed  be- 
tween folds  of  blotting  paper,  it  may  be  dissolved  in  heated  al- 
cohol, from  which  it  separates  again  oil  cooling.    Aficr  re* 
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petted  lolotions  and  crystallizations,  it  is  obtained  in  brilliant 
white  scaley  crystals,  similar  to  benjsoic  acid,  but  of  a  more 
dl^ery  lustre. 

Miiphthaline  has  a  pungent  and  aromatic  taste,  and  a  pene- 
tndng  smell,  which  adheres  permanently  to  any  substance 
thai  is  brought  into  contact  with  it.  It  is  smooth  and  unctuous 
to  die  touch.  Its  specific  gravity  a  little  exceeds  that  of  wa- 
ter. It  is  less  volatile  than  camphor^  melts  at  about  1 80^  ( 1 68^ 
Ure)  and  boils  at  410^  Fahr.  On  cooling,  it  assumes  a  dis- 
tiBcdy  crystalline  structure. 

It  is  not  very  easily  inflamed,  but  when  set  on  fire,  it  bums 
widi  a  copious  dense  smoke.  It  does  not  affect  the  colours  of 
litmus  or  turmeric.  It  is  insoluble  in  cold  water,  and  very 
ipiringly  in  hot  water.  It  is  readily  soluble  in  alcohol  and  ether, 
aid  in  both  those  fluids,  when  heated,  it  dissolves  to  almost 
uy  amount.  It  is  soluble  in  fixed  and  essential  oils ;  in  ace- 
tic and  oxalic  acids,  to  each  of  which  it  imparts  a  pink  colour ; 
nd  in  diluted  mineral  acids.  Of  all  its  characters,  its  ready 
disposition  to  crystallize  is  perhaps  the  most  remarkable. 
Theie  crystals  are  rhombic  plates,  the  greater  angle  of  which 
▼aries  from  100®  to  105®,  and  which  are  arranged  so  as  to  in- 
tenect  each  other  and  to  form  cells.* 

The  only  analysis  of  naphthaline  that  has  been  published  is 
that  of  Dr.  Ure.  He  assigns  to  it  the  following  atomic  con- 
stitQtion,  but  expresses  some  doubts  as  to  the  perfect  accuracy 
of  his  results,  on  account  of  the  difliculty  of  effecting  the  com- 
plete combustion  of  the  carbon  of  so  volatile  a  body.  It  ap- 
pears'to  consist  of 

Carbon 2  atoms  ....  12    ....  92.9 

Hydrogen 1  atom    ....     1    ....     7.1 


13  100. 


The  absence  of  oxygen,  first  pointed  out  by  Mr.  Brande,  is 
confirmed  by  this  analysis.  (Phil.  Trans.  1822,  p.  473.)  There 
csn  be  little  doubt,  indeed,  that  naphthaline  is  compounded  of 
carbon  and  hydrogen  only. 

•  Brande,  Quarterly  Jonrn.  viii.  287;  Ann.  of  Phil.  xv.  75;  Professor 
Kidd*8  Memoir  in  Phil.  Trans.  1891,  p.  814. 
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pears  to  cotiiiat  of  Iiydropien,  oxygen,  and  charcoal,  in  pio> 
portions  not  jel  clcteriuined,  widi  perhaps  some  nitrogen. 

2.  Ulmin.  In  tlic  year  180a,  Klaproth  received  from  Pa- 
lermo, a  substance  wliich  exudes  spoalnueously  from  a  species 
of  elm,  and  wlilcli,  in  exlernal  characters,  bore  a  cousiderabU' 
resemblance  to  gum.  It  dissolved  in  &  small  quantity  of  water, 
and  gave  a  transparent  solution  of  a  blackish  brown  colour, 
which  was  not,  however,  mucilaginous,  and  could  not  bo  a(v 
)>li{>d  to  the  purpose  of  a  paste.  Nitric  acid  precipitated  from 
the  solution  a  light  brown  substance,  which  was  soluble  in 
alcohol,  though  the  gum  itself  resisted  tliat  solvent.  Oxy- 
inurialic  acid  produced  a  similar  elFect,  The  property  of 
producing  a  resin  by  the  addition  of  a  little  oxygen,  is  )>ccu- 
liar  to  this  substance,  and  sufficiently  characteriHtic  Dr. 
Thomson  has  jiroposed  for  it  the  name  of  Ulm'ut ;  and  be 
antl  Mr.  Sniitlison  have  paid  much  attention  to  the  in- 
vestigation of  its  properties.*  It  appearii  to  be  a  very  com- 
mon vegetable  product,  exuding  from  various  trees,  and  ex- 
isting, according  to  Berzelius,  In  the  bark  of  niosL  When 
pure  it  is  tasteless;  sparingly  soluble  in  water  and  in  alcahol; 
not  precipitated  by  a  ci<U,  gelatine,  ottnn;  and  verv  soluble 
in  alkaline  curbonat<^s,  fiom  wliicli  it  is  scparutetl  by  actils  and 
metallic  salts. 

9.  Inulin,  When  the  roots  of  the  imda  helenmm,  or  ale* 
campane,  are  boiled  some  time  in  water,  the  decoction,  after 
standing  some  hours,  deposits  some  white  powder  like  starch, 
but  differing  in  its  chemical  qualities.  Rose,  who  was  the  6rst 
person  that  investigated  its  properties,  found  that  it  ia  inaolu- 
bitt  in  cold  water,  but  that  it  readily  dissolves  in  four  times  its 
weight  of  boiling  water  into  a  liquid  which  is  somewhat  muci- 
laginous and  not  quite  transparent.  After  some  hours,  tbe 
substance  precipitates  from  the  water,  in  the  form  of  a  white 
powder ;  and  it  may  also  be  thrown  down  by  alcohol.  When 
placed  on  burning  coals,  it  melts  as  readily  as  sugar ;  emits  a 
similar  smell ;  and  is  consumed,  leaving  a  very  small  residuam 
of  charcoal.     When  treated  with  nitric  acid,  is  yields  <?xali^ 

*  8m  lili  Annali  or  Pliiloi.  vuU.  1  and  3 ;  sad  Mr.  Sauditoa'*  papw, 
PbU.  Tram.  1813. 
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tnd  malic  acids ;  or  acetic  acid  if  too  much  nitric  acid  be  em- 
ployed. It  diflfen,  however,  from  gum  in  not  affording,  by 
this  treatment,  any  saccholactic  acid ;  and  from  starch  (be- 
sides separating  spontaneously  from  hot  water,)  in  yielding 
none  cf  the  waxy  matter,  which  is  formed  when  starch  is 
d^ested  with  the  same  acid. 

Inolin  has  since  been  examined  by  M.  Gaultier  de  Claubry, 
iho  has  pointed  out  the  following  characters  as  discriminating 
It  from  fecula  or  starch.  It  is  much  more  soluble  than  starch 
ID  hot  water,  with  which  it  does  not  form  a  jelly,  but  is  deposited 
OQ  cooling  in  the  form  of  a  white  powder.  It  dissolves,  also, 
in  four  or  five  times  its  weight  of  water  at  140^  Fahrenheit, 
and  die  solution,  when  evaporated,  becomes  viscous,  but  not 
gebtinous.  With  iodine,  it  forms  a  greenish-yellow  com- 
pound, which  is  spontaneously  decomposed,  in  part  at  least, 
in  a  short  space  of  time.  The  inulin  remains  lightly  coloured 
jdlow,  and  retains  a  portion  of  iodine.  Muriatic  acid,  as 
wdl  as  solutions  of  pure  alkalis,  render  starch  gelatinous, 
hot  dissolve  inulin  without  giving  any  jelly.  Concentrated 
nlphuric  acid,  which  carbonizes  starch,  and  is  at  the  same 
time  converted  into  sulphurous  acid,  dissolves  inulin  without 
any  extrication  of  sulphurous  acid;  and  the  inulin  may  be 
precipitated  by  ammonia.  These  properties  appear  to  be  suf- 
ficiently characteristic  to  entitle  inulin  to  be  considered  as  a 
distinct  vegetable  substance.  To  obtain  it  in  a  state  of  purity, 
M.  de  Claubry  recommends  to  boil  the  roots  of  elecampane 
in  a  sufficiently  large  quantity  of  water;  to  filter  the  liquor, 
and  to  evaporate  it  to  the  consistence  of  an  extract,  which  is 
to  be  washed  with  cold  water.  From  the  washings,  there 
falls  a  considerable  quantity  of  inulin,  which  is  to  l^  gendy 
dried,  not  however  on  filtering  paper,  as  it  adheres  to  this  too 
firmly  to  be  got  off.* 

Inalin  has  been  found  by  Pelletier  and  Cavcntou,  in  the  root 
of  the  Colchicum  Autumnale,  remaining  after  the  successive 
action  of  ether,  alcohol,  and  water.  To  distinguish  it  from 
atarch,  they  pour  into  a  decoction  of  the  substance  supposed 
to  contain  inulin,  an  infusion  of  nutgalls.     An  immediate  pre- 
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ciiiimtion  er.siics.  Oa  licating  tlie  liquor  gradually,  llic  pre 
cipitate  is  rcdisaolved  at  about  122"  Fubr.  if  tlic  tlarcU  b 
puie,  but  if  iiiulin  be  present  it  is  i»ot  reiliasokeii  till  tl»e  liqiiit 
approaches  211;°.  (Ann.  de  Cliim.  ct  Phys.  xi».  82.)  Inulii 
constitutes  an  ingredient  also  of  tbe  roots  of  the  ylnikenu 
Pyrelknitn,  u»d  of  the  Angelica  /Irchaiigelua,  nnd,  accoi'dinj 
to  Dr.  John,  of  tlie  gnll  nut.     (Do.  viii.  102.) 

4.  Ftin^i/1.  This  substance  lias  been  cxtracte<l  by  Bracon 
not*  from  ihc  ftcsliy  part  of  mushrooms.  It  may  be  obUiinoc 
by  washing  off  the  soluble  ingredients  wiili  hot  wnter,  tuwliicl: 
a  little  alkali  has  been  added.  Tlicre  rtiinain*  n  whltCi  insipid, 
soft,  and  hut  little  clastic  substance.  It  has  u  flesliy  Mructun^ 
and  is  in  a  high  degree  nulritioiia,  and  frcv  from  deletcrioiii 
properties.  When  dry,  it  burns  vividly,  and  emiu  an  odour 
rch->nibHng  that  uf  bread.  By  destructive  distillation,  it  yield* 
iimnioiiin,  and  not  an  acid  like  wo«]d.  It  dilfers,  also,  IVoni 
lignin,  in  being  insoluble  in  alkaline  solutions,  excc-pt  when 
they  are  healed  and  very  sti  ong.  Pure  ammonia  dissolves  a 
portion  of  it,  but  deposits  it  on  exposure  to  air. 

Weak  sulphuric  acid  1ms  no  action  on  fiingin.  I'lie  ooi^ 
centraled  ncid  elmr*  it,  nitd  sulphurous  imd  acetic  acid^  an 
Ibrnied.  Muriatic  acid  di^&olves  it  slowly,  and  converts  it 
into  a  gelatinous  nintter.  When  healed  with  diluted  nitric 
acid,  azotic  gas  is  disengaged.  In  this  jiroperty,  and  in  tlie 
results  of  its  putrefaction,  as  well  as  in  yielding  ammonia  on 
distillation,  it  approaches  very  nearly  to  animal  substances. 

5.  Poh/vliroite.  This  mime  has  been  given,  by  Bouillon  L« 
C'l'ange  and  Vugcl,  to  the  extract  of  saffron  prepared  witli 
alcohol.  It  has  a  very  intense  yellow  colour,  a  bitter  Uist^ 
and  an  agreeable  smell.  It  is  soluble  in  water  and  in  alcohol ; 
and  the  solution,  by  exposure  to  light,  gradually  loses  iti 
colour,  which  is  dei.lroyetl,  also,  by  chlorine.  A  tew  dropt  of 
sulphuric  acid  ehungc  the  colour  lo  a  beautiful  blue ;  and  nU 
trie  acid,  addvd  in  like  manner,  to  green. 

Polychroite  unites  with  lime,  potnBsa,and  biiryta,  and  niTunlv 
with  those  bases  soluble  compounds.  Sulphate  uf  iron  pi-cci< 
j)itatet  it  of  a  dark  brown  colour.     By  destructive  distiitntioni 
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it  yields  an  acid  liquor  containing  ammonia,   and  carbonic 
acid  and  carbureted  hydrogen  gases. 

6.  Utemaiin  Im  the  colouring  matter  of  the  Ha^maioxylon 
Campechiamtm^  or  logwood,  and  was  first  recognised  by 
Qieneul  as  a  distinct  vegetable  substance.  To  obtain  it, 
di|^  finely  ground  logwood,  for  several  hours,  in  water  of  a 
tenpereture  between  120^  and  130^.  I^t  the  filtered  liquor 
he CTsporated  to  dryness,  and  the  residue  lie  digested  lor  a 
vboleday  in  alcohol  of  sp.  gr.  0.885.  Filler  the  soUitioUt 
concentrate  it  by  evaporation,  then  add  a  little  water,  eva|K)- 
nte  a  little  farther,  and  leave  it  to  itself.  Small  brilliant 
cintals  will  be  deposited  in  abundance,  of  a  reddish-white 
colour,  and  a  slighdy  bitter,  astringent,  and  acrid  taste. 
Thej  arc  soluble  in  boiling  water,  and  impart  to  it  an  orange 
led  colour,  which  becomes  yellow  when  the  liquid  cools,  but  is 
wtorrdby  heat.  The  solution  on  evajiorntion  againyields  crys- 
tdsof  haematiiu  Acids,  with  the  exception  of  llie  sulphurous 
Kid,  which  destroys  its  colour,  render  the  solution  first  yellow 
Md  then  red.  Caustic  alkalis  render  it  purplish  red,  or  in 
Ju^ quantity  violet,  then  reddish  brown,  and  finally  yellow- 
isb brown;  and  the  colour  cannot  afterwards  be  restorcil  by 
*Uinj^  acids.  Hence  the  haematin  is  decomposed.  Ge- 
htiii  precipitates  it  from  water  in  yellow  flocks-.  (Aim.  de 
Orim.  Ixxxi.  12S.J 

7.  Nkolw.  This  is  the  principle  in  which  reside  the  active 
properties  of  tobacco  (nicotiana),  from  the  juic<^  of  which  it 
■nay  be  extracted  by  the  following  process  of  Vnu(juelin.* 
Kva{)oratc  the  expressed  juice  to  one  i'ourth  of  its  bulk,  and 
poor  off  the  fluid  from  the  gritty  matter  which  separates  on 
cooling.  Repeat  ihis  operation  as  ofleu  as  any  similar  de|>osit 
t^  place;  and,  when  the  (laid  is  so  much  inspissated  that 
nothing;  farther  can  fall,  digest  it  in  alcolioL  Distil  off  the 
alcohol,  and  concentrate  the  residual  niatic-r  to  <Irvness  by  a 
very  gentle  heat.  Dissolve  this  again  iu  alcohol,  and  again 
'niuce  it  to  a  dry  state.  In  this  state,  it  still  contains  both 
•ceticaiul  malic  acids;  it  must  therefore  be  dlssoived  in  water, 
wmI  very  cautiously  saturated  with  potassa.     When  this  liquid 
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IB  distilled  to  dryness,  a  solution  of  nicotin  pastes  into  the  n 
ceiver.  By  dissolving  the  residual  matter  in  water^'and  agaii 
distilling,  repeating  this  process  several  times,  the  whole  o 
the  nicotin  may  be  obtained  in  aqueous  solution.  This  sahi 
tion  is  colourless;  has  the  peculiar  smell  of  tobacco;  and  de 
casions  violent  sneezing.  Its  taste  is  acrid,  and  it  posssasM 
poisonous  qualities.  According  to  Vauquelin  it  is  precqri^ 
tated  by  tincture  of  galls,  and  it  approaches  most  nearly  ■ 
its  properties  to  the  volatile  oils. 

8.  Pollenm.  The  pollen  of  tulips  was  ascertained  by  IV^ 
fessor  John  to  contain  a  peculiar  substance,  which  was  at  fint 
confounded  with  albumen ;  but  to  which  he  has  since  gifM 
the  name  of  pollenin.*  It  is  insoluble  in  alcohol,  ether,  w^: 
ter,  oil  of  turpentine,  naphtha,  carbonated  and  pure  alkaKi;j 
and  when  distilled  yields  ammonia  and  an  acid  liquor.  It  hsi; 
a  yellow  colour,  and  is  destitute  of  taste  and  smell.  By  0gh, 
posure  to  the  air,  it  putrefies,  and  acquires  the  srodl  rf^ 
cheese.  It  is  extremely  combustible,  and  bums  with  gfiik- 
rapidity  and  flame,  in  consequence  of  which  the  pollen  of  dsj 
lycopodium  clavatum  has  been  oflen  used  in  theatrical  exhibi*^ 
tions  to  imitate  lightning. 

9.  Emcthi.  There  are  three  different  genera  of  plants  that 
are  employed  under  the  name  of  Ipecacuanha  ;  but  it  is  tfce 
root  of  a  species  of  cailicocca,  that  is  directed  by  the  Phamis- 
copoeia  of  the  London  College.  The  cortical  part  of  the 
root  has  been  submitted  to  a  skilful  analysis  by  MM.  Mi» 
gendie  and  Pelletier,  who  have  obtainwl  from  it  about  14 
per  cent,  of  a  peculiar  matter,  in  which  Uic  emetic  virtue  cT 
the  root  exclusively  resides,  and  which  they  have  thercfoie 
called  emctinA' 

To  obtain  cmetin,  powdered  ipecacuanha  is  to  be  di^^csted 
with  sulphuric  ether,  which  removes  a  portion  of  fatty  matter. 
Alcohol  is  then  to  be  digested  on  the  remainder ;  the  tinctore 
to  be  evaporated  by  a  water  bath  ;  and  the  drie<l  matter  dii- 
solvod  in  cold  water,  which  separates  the  wax.  It  is  next  to 
be  macerated  on  powdered  carbonate  of  baryta,  to  remote 
the  gallic  acid ;  again  dissolved  in  olcohol ;  and  evaporated 
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once  more.  The  emetic  principle  remains  in  the  form  of 
tnmqiarent  scales  of  a  reddish  brown  colour.  It  has  scarcely 
any  odour ;  has  a  slightly  acrid  and  bitter,  but  not  a  nauseous 
taste;  deliquesces  in  the  atmosphere;  is  soluble  in  water  and 
in  alcohol  in  all  proportions ;  and  is  incapable  of  being  crys- 
tallized. It  is  decomposed  by  a  heat  exceeding  that  of  boiling 
water,  but  gives  no  ammonia  by  distillation,  which  proves 
that  nitrogen  is  not  one  of  its  elements.  Gallic  acid  predpi- 
tates  it  from  its  solution ;  but  the  re>agent  that  most  power* 
fully  affects  it,  is  the  sub-acetate  of  lead,  which  completely 
precipitates  it  from  all  its  solutions.  It  appears,  therefore, 
that  emetin  is  a  substance  sui  generis,  possessing  .distinct  and 
peculiar  properties,  which  are  the  same  from  whichsoever  of 
the  plants,  capable  of  affording  it,  it  may  have  been  obtained. 

10.  SarcocolL  This  substance  is  the  spontaneous  exudation 
of  the  Pienea  Sarcocollay  a  plant  which  is  a  native  of  Ethio- 
pia. It  is  brought  over  in  small  pieces,  which  are  about  the 
aiae  of  peas,  and  which  are  either  of  a  pale  red,  or  yellowish 
white  colour. 

SarcocoU  dissolves  in  the  mouth  like  gum,  and  has  a  sweet- 
ish taste,  after  which  there  remains  an  impression  of  tnt- 
teraess.  It  is  soluble  both  in  water  and  alcohol,  and  a  strong 
aoltttion  of  it  forms  a  mucilage,  which  may  be  used  for  the 
parpose  of  a  cement.  Its  most  remarkable  property  is,  that 
its  solution  is  precipitated  by  tan,  which  distinguishes  it  suffi- 
ciently from  gum.  Thesubstance  most  nearly  approaching  to 
it  in  chemical  characters^  is  liquorice,  the  saccharine  matter 
of  which  has  a  near  resemblance  to  sarcocoU.  (See  Robiquet, 
Ann.  de  Chim.  Ixxii.  and  Thomson's  Chemistry,  iv.  31.) 

1 1.  Olivile  is  a  name  given  by  M.  Pellctier  to  the  substance 
which  remains  after  gently  evaporating  the  alcoholic  solution 
of  the  gum  which  exudes  from  the  olive  tree.  It  is  a  white 
brilliant  starchy  powder,  and  sometimes  it  forms  flattened 
needles.  It  has  no  smell,  but  its  taste  is  a  mixture  of  bitter 
and  sweet  with  something  aromatic.  It  melts  at  158^,  and  on 
cooling  resembles  a  slightly  yellowish  transparent  resin  Cold 
water  scarcely  acts  upon  it,  but  hot  water  dissolves  l-32il.  It 
diiscrfvee  readily  jn  alcohol,  but  not  in  ether  or  in  volatile  oils. 
Nitrie  acid  dissolves  it  with  heat,  acquires  a  red  colour,  but 
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becomes  yellow  on  cooling  and  deposits  oxalic  acid.  Acetate 
of  lead  precipitates  its  aqueous  solution  in  flakes  which  are 
soluble  in  acetic  acid.     (Ann.  of  Phil.  xii.  33.) 

12.  Medullin  is  a  name  given  by  Dr.  John  to  the  pith  of 
the  sun-flower.  (Helianthus  Annuus.)  It  is  destitute  of 
taste  and  smell ;  insoluble  in  water,  ether,  alcohol,  and  (mU, 
but  soluble  in  nitric  acid,  which  converts  it  into  oxalic  acid ; 
and,  when  decomposed  by  destructive  distillation,  it  leava 
charcoal  having  a  metallic  lustre  like  bronze.  (Thoroson'i 
Chemistry,  iv.  180.) 

IS.  Lupulin.  This  name  has  been  given  by  Dr.  Ives,  not 
to  any  distinct  vegetable  principle  extracted  by  chemicil 
means,  but  to  an  impalpable  yellow  powder,  in  which  he  be- 
lieves the  virtue  of  the  hop  to  reside,  and  which  may  be  ob- 
tained by  beating  and  siftuig  the  hops  used  in  brewing. 

It  appears  to  be  peculiar  to  the  female  plant,  and  is  pro* 
bably  secreted  by  the  nectaria.  In  prescribing  beer  from  the 
acetous  fermentation,  and  in  communicating  an  agreeable 
flavour  to  it,  lupulin  was  found  to  be  equivalent  to  ten  times 
its  weight  of  hop  leaves.  It  is  itself  a  compound  substance^ 
consisting  of  tan,  extract,  a  bitter  principle,  wax,  resin,  and 
lignin.  If  analyzed  by  the  methods  of  Pelletier  and  Caven- 
tou,  it  is  not  improbable  that  an  ingredient  might  be  disced 
vered  in  the  hop  of  an  alkaline  nature,  in  which  its  narcotic 
virtue  would  be  found  to  reside.  (See  Ann.  of  Phil.  N.S. 
i.  194.) 

14.  Caihariine.  In  examining  the  leaves  of  Senna,  Las- 
saigneand  Fenuelle  obtained  a  peculiar  substance,  to  which,  on 
account  of  its  acting  as  a  brisk  purgative  in  very  small  doses, 
they  gave  the  name  of  cathariiue.  A  strained  decoction  of 
the  leoves  was  precipitated  by  extract  of  lead,  the  precipitate 
washed  and  difliised  through  water,  and  then  decomposed  by 
snlphureted  hj-drogcn.  The  liquor  was  filtered,  evaporated 
to  dryness,  digested  in  alcohol,  and  the  latter  solution  evapo- 
rated to  dryness  also.  It  contained  acetate  ot*  potassa,  which 
was  decomposed  by  adding  alcohol  acidulated  with  a  Uttle 
nlphoric  actd ;  the  sulphate  of  potassa  was  separated  by 
fiherw^  and  the  e\cess  of  sulphuric  acid  separaud  by  acetate 
cf  lead.    SialphiuneKd  hydrogen  was  again  passed  through 
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the  liquid,  which,  when  filtered  and  again  evaporated,  gave 
the  substance  which  they  have  called  cuthartine.  It  had  a 
reddish  colour,  a  peculiar  smell,  and  n  bitter  nauseous  taste ; 
it  dissolved  in  alcohol  and  water  in  all  proportions,  but  was 
insoluble  in  ether.  It  became  moist  by  exposure  to  the  air. 
(Ann.  de  Chim.  et  Phys.  xvi.  16.) 

15.  Piperine  has  been  extracted  by  M.  Pelletier  from  black 
pepper,  by  digesting  it  in  alcohol,  and  evaporating  the  solution, 
which  left  a  fatty  resinous  matter.  This,  after  being  washed 
in  warm  water,  was  of  a  green  colour,  and  had  a  hot  burning 
taste.  It  dissolved  readily  in  alcohol,  and  less  readily  in  sul- 
phuric ether,  and  the  solutipn  by  heated  alcohol,  when  left 
for  some  days,  deposited  a  number  of  small  crystals.  These 
being  purified  by  repeated  solutions  and  crystallizations,  gra- 
dually lost  their  taste  of  pepper,  which  accumulated  in  the 
uncrystallizable  fatty  matter.  The  crystals  of  piperine  were 
foar  sided  prisms ;  they  were  almost  tasteless ;  were  insoluble 
iu  cold  and  sparingly  soluble  in  hot  water ;  were  very  soluble 
in  alcohol,  and  less  so  in  ether ;  soluble  in  acetic  acid,  froui 
which  they  separated  in  feathery  crystals.  Weak  acids  did 
not  dissolve,  and  strong  acids  decomposed  them.  Sulphuric 
acid  acquired,  by  being  heated  with  them,  a  blood  red  colour, 
which  disappeared  on  dilution.  They  fused  at  212^,  and, 
when  decomposed  by  peroxide  of  copper,  gave  only  water  and 
carbonic  acid. 

In  addition  to  piperine,  M.  Pelletier  detected  in  pepper  an 
acrid  fixed  oil;  a  volatile  oil;  a  coloured  gummy  matter; 
extract,  starch,  and  several  other  known  vegetable  principles. 
(Ann.de  Chim,  et  Phys.  xvi.  337.) 
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t'illolis  Fermciilathn, 


^ 


Ths  plicnomt?iia  and  results  of  the  vinous  Tor  mental  ion  M 
be  accuiately  examined,  by  menus  of  an  npparatiis  i<irailarli 
that  which  is  dcseribed  in  Lavoisier's  Elements,  purl  iii.  cb-lT 
A  more  simple  one,  howcvei",  will  suflicienily  answer  the  pD|i 
poto.     It  may  consist  of  a  large  glass  matrass,  sliaped  like  ^ 
i,  capable  of  holding  10  or  1*2  pints.     Into  tbc  opening  of  lb 
mattrass,  one  leg  of  a  glaei  lube,  which  Itns  been   Iwic 
fit  light  angles,  or  into  the  form  of  a  syphon,  may  Ix'  fixed  llj 
means  of  a  perlbraled  cork  and  cement.     The  aperture  of  th 
other  leg  of  the  syphon  may  terminate  in  a  two  necked  IwtlW 
from  wliich  a  bent  glass  Inbe  is  to  proceed,  and  to  be  curriM 
under  the  shelf  of  the  pneumatic  Iroitgh,  or  (which   is  belM^I 
into  the  receiving-pipe  of  a  gazometcr,  fig.  35, 1:  The  mMtm 
may  then  be  bolf  filled  with  n  solniion  of  sugar  in  a  pro 
qusnlity  of  water,  or  with  an  iiifuBion  of  malt;  and  in  c 
case  a  little  ycnst  must  be  added.     When  the  vessel  is  plMi 
in  a  room,  the  temperature  of  which  is  not  below  60"  FsIb 
the  fermentation  soon  begins  to  take  place ;  a  brisk  motion  i 
observed  in  the  litjuid ;  It  becomes  turbid,  and  deposits  i 
impuriticB,  while  a  frothy  scum  rises  to  the  surface. 
tliG  miiteriuls  arc  in  large  quantity,  viz.  sufficient  to  fill  so 
A  hissing  noise  is  heard  in  the  liquid,  and  its  bulk  i 
fto  much,  that,  if  the  vessel  were  full,  it  soon  begins  tuoic'! 
flow.     At  the  same  time,  nn  immense  qunnlity  of  gas  esraprt 
find  passes,  through  the  bent  tube,  into  tlie  receiver,  which  > 
inverted   in   the  pneumatic  trough,  or  into  the  gazometc' 


SlCni.  ALCOHOL.  811 

Duiog  the  praeeit  of  fermentatioD,  the  liquor  preserves  a 
U^ier  tempemtare  than  that  of  the  surrounding  atmosphere* 
Alter  some  days,  these  appearances  gradually  decline ;  and, 
if  the  process  has  been  well  conducted,  and  suspended  at  the 
,  proper  period,  the  result  is  a  liquor,  not  sweet,  like  that  sub- 
Ktted  to  experiment,  but  having  a  vinous  taste  and  smell, 
and  the  intoxicating  powers  of  a  fermented  liquor. 

When  the  gas,  contained  in  the  gazometer,  is  examined,  it 
is  found  to  be  carbonic  acid,  holding  in  solution  a  portion  of 
alcohol,  which  gives  it  an  odour  like  that  of  the  fermented 
BqQor.  On  submitting  the  liquor  to  distillation,  we  obtain  a 
laid  considerably  lighter  than  water,  and  having  a  strong 
ipirituooB  taste. 

It  tt  from  fermented  liquors  that  all  the  varieties  of  spirits, 
koown  under  the  names  of  brandy,  rum,  spirits  of  wine, 
anck,  gin,  and  whisky,  are  obtained ;  and  they  differ  from 
mh  other  merely  in  flavour  and  strength :  essentially,  they 
iB  consist  of  the  same  ingredient,  which,  when  deprived 
sf  the  water  with  which  it  is  combined,  is  called  alcoliol. 


SECTION  II. 

Alcohol, 

It  had  been  a  subject  of  controversy  whether  the  alcohol, 
obtained  by  the  distillation  of  wines,  and  of  other  fermented 
Uqaors,  exists  ready  formed  in  those  liquors,  or  is  actually 
gmeraied,  in  consequence  of  a  new  arrangement  of  the  ele- 
ments of  the  fluid  by  the  increased  temperature  at  which  the 
distillation  is  carried  on.  The  latter  opinion  was  su})ported 
by  Fabroni,*  and  had  gauied  considerable  currency,  till  it 
VM  completely  set  aside  by  Mr.  Brande,t  in  two  memoirs; 
ia  the  first  of  which  it  was  shown,  that  the  quantity  of  alcohol 
lonlting  from  the  distillation  of  wine,  is  neither  increased 
nor  diminished  by  a  variation  of  temperature  equal  to  20  de- 
grees of  Fahr.;  and  in  the  second,  that  alcohol  may  be  sepa* 


•  Ann.  de  Cliim.  xxx.  2^0.  t  Phil.  Trans.  1811, 1813, 
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rated  from  fcrmcDted  liquors^  without  the  intervention  of  bent, 
by  processes  in  which  nothing  more  can  be  efiected  than  the 
Keparntion  of  water. 

Istly.     When  a  solution  of  acetate  of  lead  (sugar  of  lead), 
or  of  subacetnte  of  lead  (Goulard's  Extract),  is  added  to  wine, 
a  dense  insoluble  precipitate  is  quickly  formed^  consisting  of  a 
compound  of  the  metallic  oxide,  with  the  acid  and  extmctive 
colouring  matter  of  the  wine.     On  filtering  the  fluid,  we  ob- 
tain a  mixture  of  alcohol,  water,  and  a  portion  of  the  acid  of 
the  uietallic  salt,  provided  the  latter  has  not  been  added  in 
excess,  in  which  case  a  part  of  the  salt  remains  undecomposed. 
From  this  liquid,  hot  and  dry  iBubcarbonatc  of  potassa  sepa- 
rates the  water ;  and  the  alcohol  floats  at  the  top,  forming  t 
distinct  stratum.     By  operating  on  artiflcial  mixtures  of  alco- 
hol and  water,  Mr.  Bi*ande  found  that  when  the  alcohol  is  not 
less  than  16  per  cent,  the  quantity,  indicated  by  the  subcir^ 
bonate,  was  always  within  one  half  part  in  100  of  the  real 
])roportion  contained  in  the  mixture.    The  experiment  may 
be  performed  in  a  glass  tube,  from  half  an  inch  to  two  inchei 
diameter,  accurately  graduated  into  100  parts. 

2dly.  To  ascertain  in  a  more  simple  way  the  quantity  of 
alcohol  in  any  wine,  its  acid  may  be  saturated  with  potato, 
and  a  given  measure  then  distilled  with  a  «^entle  heat  nearly 
to  dryness;  the  deficient  bulk  of  the  distilled  licjuor  beinjf 
made  up  with  distilled  water.  This  mixture  is  to  be  shaken, 
and  set  aside  for  24-  hours.  Its  specific  gravity  will  then  show 
the  quantity  of  alcohol  which  the  wine  contains,  and  which 
may  be  immediately  seen  by  referring  to  Mr.  Gilpin's  Tabic, 
an  abstract  ol  which  will  be  oiven  in  this  section. 

3dly.  Gay  Lussac*  has  recommended  the  substitution  of 
very  finely  powdered  litharge  for  the  acetate  of  lead  ;  and  ha?^ 
ailded  the  important  tact,  that  wine  distilled  ///  raa/o,  at  th€r 
temj>erature  of  60''  lahr.  affords  alcohol ;  a  convincing  prootfV 
that  the  alcohol  obtained  is  merely  separaicci,  and  not  fotmt(/^ 
by  the  process  oi  distillation.  Thisdiscovery  has  been  applied  li» 
practice;  and  it  has  been  found  that  spirits,  distilled  at  a  Io>*' 


*  H(l  Ann.  clc  Cliini.  1/.'i, 
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toDperature  in  vacuo^  arc  of  superior  flavour  to  those  procui*eil 
by  a  distillation  conducted  in  the  ordinary  manner. 

From  an  extensive  series  oF  experiments,  Mr.  Brande  has 
flmstmcted  the  following  Table : 

IMc  of  the  QtianlUy  of  Alcohol^  of  specijic  gravity  .825  at 

60*^  Fahr.  m  various  IVitiesj  ^-c. 


Kiod  of  Wine* 


100  Measures 
coutiiin 


Port,  average  of  6 ... .  23AS 

JXUOj  highest    25.83 

Dittos  lowest 21.40 

Madeira,  highest   ....  24.42 

IKtto,  lowest 19.34 

Shcrrj",  average  of  4  . .  17.92 

Ditto,  highest 19.83 

DiltOi  lowest 13.25 

Clarety  average  of  3  •  •  14.43 

Calcavella 18.10 

Lisbon 18.94 

Malaini 17-26 

Bocellas 18.49 

Red  Madeira 18.40 

Mibmiey  Madeira ...  •  16.40 

Marsala 25.87 

Ditto 17.26 

^"^1  Ked  Champagne   •  •  • .  1 1  .SO 

vsA  White  Ditto 12.80 

1^4  Bnrgandy 14.53 

Ktio 11.95 

^Vhite  Hermitage ....  1 7.43 

Red  Ditto 12.32 

^1  Hock 14.37 

1  Ee|  Ditto 8.88 


»ia- 


•Tli 


Kind  of  Wine. 

Palm  wine* 
Vin  de  Grave 
Froutignac . . . 

Coti  Uoti 

Roussillon  . . . 
Cape  Madeira 
Cnpe  Muscliat 

Constantia 

Tent 

Sberaaz • . 

Syracuse 

Nice 

Tokay 

Raisin  Wine 

Gra})e  Wine 

Currant  Wine  . . . 
Gooseberry  Wine  , 

Elder  Wine   

Cider 

Perry 

Brown  8tout 

Ale 

Brandy  

Rum 

Hollands 


100  Measures 
contuir.. 


Some  doubt  may,  perhaps,  be  excited  of  the  accuracy  of 
Table,  by  a  reference  to  the  comparative  intoxicating 
^&ct8  of  port  wine  and  brandy,  the  latter  of  which  certainly 
tre  more  than  double  those  of  the  former.     But  it  is  to  be 


*  Added  to  the  Table  from  the  Quarterly  Journal,  vii.  300. 
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considered  that,  in  wine,  the  alcohol  is  in  a  state  of 
tion  with  several  other  ingredients,  which  must  necessarily 
diminish  its  activity  on  the  animal  system.  Variations  in 
each  kind  of  wine  from  the  above  proportions,  may,  howerer, 
be  expected  to  arise  from  the  variable  purity  of  the  liquors 
that  may  be  the  subjects  of  experiment.  In  Mr.  Brande's 
analyses,  great  pains  were  taken  to  employ  such  wines  as  were 
perfectly  unadulterated. 

1 .  To  prepare  alcohol,  the  spirit  of  wine  of  the  shops  may 
be  employed.  To  any  quantity  contained  in  a  glass  vessel, 
the  sub-carbonate  of  potassa,  perfectly  dry,  and  heated  to 
about  300^  Fahr.  is  to  be  added ;  the  mixture  is  to  be  wdl 
shaken ;  the  clear  liquor  decanted ;  and  this  is  to  be  repeated 
as  long  as  the  alkali  is  moistened  by  the  spirit.  When  enough 
has  been  employed,  the  next  addition  will  fall  to  the  bottom 
in  a  perfectly  dry  state.  The  dry  chloride  of  calcium  (fiised 
muriate  of  lime)  may  be  advantageously  used  as  a  substitute 
for  alkali.  Or  it  may  be  employed  to  strengthen  alcohol, 
which  has  been  first  concentrated  by  the  mild  vegetable  alkali; 
but  it  appears  doubtful  whether  a  little  ether  is  not  produced 
by  its  action.  Saussure,  however,  is  of  opinion  that  this  is 
not  the  case  with  alcohol  which  has  been  only  twice  treated 
with  chloride  of  calcium,  of  which  he  employed,  at  two  opera- 
tions, first  a  quantity  equal  to  half  the  weight  of  the  spirit  of 
wine,  and  secondly  an  equal  weight.  When  the  chloride  is 
no  longer  moistened  on  being  added  to  the  spirit,  we  may 
conclude  that  enough  has  been  used.  Two  distinct  strata  will 
then  be  seen  in  the  liquid,  the  solution  of  muriate  of  lime  in 
water,  at  the  bottom,  and  the  alcohol  at  the  top.  The  latter 
is  to  be  decanted,  or  drawn  off  by  a  syphon,  and  then  sub- 
mitted to  distillation  at  a  gentle  heat,  reserving  only  the  por- 
tions which  first  pass  over.  Gay  Lussac  recommends  quick- 
lime or  baryta,  in  preference  to  muriate  of  lime ;  and  Dubuc 
advises  the  use  of  dry  alumina,  by  which  he  brought  alcohol 
to  the  specific  gravity  .817,  without  any  risk  of  forming  ether 
by  the  process.*     It  has  been  found  also  that  spirit  of  wine 

*  aa  Ann.  de  Cbim.  314. 
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of  sp.  gr.  .867)  when  inclosed  in  a  bladder,  and  exposed  for 
some  time  to  the  air,  is  converted  into  alcohol  of  sp.  gr. 
0.817,  the  water  only  escaping  through  the  coats  of  the 
bladder.    (Quart  Jouni.  viii.  381 .) 

II.  1.  Alcohol  is  considerably  lighter  than  water.  The 
lightest  that  can  be  obtained,  by  simple  distillation,  from 
spirit  of  wine,  has  the  specific  gravity  of  .826,  distilled  water 
at  60*^  Fahr.  being  1 .  By  the  intervention  of  substances 
which  strongly  attract  water,  Chaussier  brought  it  to  the  spe- 
cific gravity  of  .798;  Gay  Lussac  to  0.79235  at  64°;  and 
LovitzandSaussure,jun.to  .791  or  .792,  at  68°  Fahr.,=r.796 
at  60°  Fahr.  Alcohol  of  the  specific  giavity  .820  still  con- 
tains, according  to  Lovitz,  about  ^th  its  weight  of  water,  and 
when  of  specific  gravity  .917  at  60°  Fahr.  it  consists  of  equal 
weighu  of  alcohol,  specific  gravity  .796,  and  water.  By 
an  act  of  parliament  passed  in  1762,  the  specific  gravity 
of  proof  spirit  at  60°  was  fixed  at  .916,  but  .920  may  be  con- 
sidered as  nearer  the  standard  now  adopted  for  proof  spirits 
in  this  country.  The  term  obove  proof  is  used  to  denote  a 
spirit  lighter  than  this,  and  under  proof  one  which  contains  a 
larger  proportion  of  water.  Rectified  spirit  is  directed,  by 
the  London  Pharmacopceia,  to  have  the  specific  gravity  of 
•835,  but  it  is  seldom  lighter  than  .840. 

The  quantity  of  alcohol  and  water,  in  mixtures  of  different 
specific  gravities,  may  be  learned  from  Mr.  Gilpin's  copious 
tables,  of  which  the  following  is  a  brief  abstract* 


*  Philosophical  Transactions,  1794,  or  Nicholson's  Journal,  4to.  vol.i. 
Mr.  Gilpin's  standard  alcohol  had  the  specific  gravity  of  .825,  and  Chaus** 
tier's  of  .796.  The  Tables  of  IVlr.  Gilpin  arc  mucli  too  long  to  be  inserted 
without  lUyridgment  in  this  work. 
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Tabltf  sliaivhtg  the  Specific  Gravity  of  the  Mixtures  of  yJlcohol 

and  Water. 


SPECIPIC   GBAVITIBK. 

CeiitesliDRl  Parts  uf 

According  to 

AccordiD};  to  Gilpin 

the  Mixture. 

Cliuussier. 

(last  Table). 

Alcohol  ....100 

0.7980 

0.825 

95 

0.8165 

0.83887 

90 

0.8340 

0.85244 

85 

0.8485 

0.86414 

80 

0.8620 

0.87606 

75 

0.87525 

0.88762 

70 

0.8880 

0.89883 

65 

0.9005 

0.90941 

60 

0.9120 

0.91981 

55 

0.9230 

0.92961 

50 

0.9334 

0.93882 

45 

0.94265 

0.94726 

40 

0.9514 

0.95498 

35 

0.95865 

0.96158 

30 

0.96535 

0.96736 

25 

0.97035 

0.97239 

20 

0.97605 

0.97723 

15 

0.9815 

0.98213 

10 

0.9866 

0.98737 

5 

0.99335 

0.99327 

0 

a99835 

1.00000 

It  is  on  many  occasions  useful  to  know  the  proportion  of 
the  strongest  alcohol  tliat  has  hitherto  been  obtainedy  in 
mixtures  of  alcohol  and  water  of  different  specific  gravities. 
This  is  shown  by  the  following  Table,  constructed  by  Lovitz. 
It  is  founded  on  a  series  of  experiments  in  which  alcohol  of 
of  the  sp.  gr.  .791  at  68^  was  mixed  with  various  proportions 
of  water ;  allowed  to  stand  dturing  24  hours ;  and  then  exa- 
mined for  its  sp.  gr.  at  the  temperature  of  68^.  The  fourth 
column  has  been  added  by  Dr.  Thomson^  to  express  the 
sp.  gr.  at  60^,  the  temperature  commonly  preferred  in  this 
country. 
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Table  of  the  Sirenglh  of  Alcohol  of  various  Densities. 

lOOP^rtt. 

Sp.  Gravity. 

100  Parts. 

Sp.  Gravity. 

Ak^lk 

w«t. 

at68o. 

at  600. 

Alcoh. 

Wat. 
41 

at  680. 

at  600. 

100 

791 

796 

59 

894 

898 

99 

1 

794 

798 

58 

42 

896 

900 

98 

2 

797 

801 

57 

43 

899 

903 

97 

3 

800 

804 

56 

44 

901 

904 

96 

4 

80S 

807 

55 

45 

903 

906 

95 

5 

805 

809 

54 

46 

905 

908 

94 

6 

808 

812 

53 

47 

907 

910 

93 

7 

811 

815 

52 

48 

909 

912 

92 

8 

813 

817 

51 

49 

912 

915 

91 

9 

816 

820 

50 

50 

914 

917 

90 

10 

818 

822 

49 

51 

917 

920 

S9 

11 

821 

825 

48 

52 

919 

922 

88 

19 

823 

827 

47 

53 

921 

924 

87 

18 

886 

830 

46 

54 

923 

926 

86 

14 

828 

832 

45 

55 

925 

928 

85 

15 

831 

835 

44 

56 

927 

930 

84 

16 

834 

838 

43 

57 

930 

933 

83 

17 

836 

840 

42 

58 

932 

9S5 

82 

18 

839 

843 

41 

59 

934 

937 

81 

19 

842 

846 

40 

60 

936 

939 

80 

20 

844 

848 

39 

61 

938 

941 

79 

21 

847          851 

38 

62 

940 

943 

78 

22 

849          853 

37 

63 

942 

945 

77 

23 

851  ■ 

855 

36 

64 

91>4 

947 

76 

24 

853 

857 

35 

65 

946 

949 

75 

25 

856     1     860 

34 

66 

948 

951 

74 

26 

859          863 

33 

67 

950 

953 

73 

27 

861     i     865 

32 

68 

952 

955 

72 

28 

863     '     867 

31 

69 

954 

957 

71 

29 

866          870 

30 

70 

956 

958 

70 

SO 

868          871 

29 

71 

957 

960 

69 

31 

870          874 

28 

72 

959 

962 

68 

32 

872     >     875 

27 

73 

961 

963 

67 

33 

875          879 

26 

74 

963 

965 

66 

34 

877          880 

25 

75 

965 

967 

65 

85 

880          883 

24 

76 

966 

968 

64 

36 

882     1     886 

23 

77 

968 

970 

63 

37 

885 

889 

22 

78 

970 

972 

62 

38 

887 

891 

21 

79 

971 

973 

61 

39 

889 

893 

20 

80 

973 

974 

60 

40 

892 

896 

19 

81 

974 

975 
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of  the  specific  gravity  .9679  answering  to  75  per  cent,  water, 
the  ratio  of  expansion  through  the  first  half  between  50^  and 
170^9  was  to  tlmt  through  the  second  half  as  35  to  45,  which 
is  precisely  the  same  as  De  Luc  gives  for  pure  alcohol.  In 
reporting  these  results  no  account  is  taken  of  the  expansion 
of  the  glass  vessel,  and  consequently  the  real  expansions  may 
be  considered  as  rather  exceeding  the  apparent  ones  which 
have  been  stated. 

6.  Alcohol,  sp.  gr.  .820,  boils  at  176%  or  in  vacuo  at  56^. 
When  of  sp.  gr.  .800  its  boiling  point  is  173.5.  If  water  be 
added,  its  boiling  point  is  raised.  Alcohol,  sp.  gr.  0.900,  Mr. 
Dalton  finds  to  boil  at  182^  Fahr.,  of  sp.  gr.  .850  at  170^ 
In  this  case,  as  in  others  where  two  volatile  liquids  are  mixed, 
the  boiling  point  is  varied,  but  not  proportionably ;  for  tlie 
mixture  boils  nearest  the  boiling  point  of  that  which  is  most 
volatile.  Thus  a  mixture  of  equal  parts  of  alcohol  of  such 
strength  as  to  boil  at  170^,  and  water,  ought  by  the  rule  of 
proportion  to  boil  at  J9i'%  but  in  fact  it  boils  at  18:^^. 

Alcohol  of  the  specific  gravity  .8152  at  50^  Fahr.  gives  a 
got,  the  density  of  which  is  to  that  of  the  atmosphere  as  1 .613 
to  1.     According  to  Bcrzclins  and  Dulong,  the  density  of  llu- 
vapour  of  alcohol  is    1.6004-.      (Ann.  dc  Chim.  et  Phys.  xv. 
395.)     Of  the  rortcs  of  vupour  of  alcoiiol  at  diflcivnt  tciujK'- 
ratures,  Dr.    Ure   lias   oivcii  a   Tabic     (Piiil.  Trans.   IMS  -) 
which  will  be  copied  into  the  Appendix.   To  become  j^as.-oii  -r^. 
alcohol    absorbs  only  0.4- [ifi,  the  caloric  recjiiired  to  vapori-^-C 
an  ecjual  weight  of  water. 

7.  Alcohol  has  never  yet  been  congealed  by  any  kno>^-"  n 
method  of  prodiicin<i;  artificial  cold.  Mr.  Walker,  of  Oxfoi  -*-!» 
fonnd  that  it  continned  flnid  at  —91°  Fahr.  Eve!i  when  dihit^^'d 
with  an  equal  wei<i;ht  ol"  water,  it  re(|uires  a  cold  of  (i'^  bclt::^  ^^' 
0  to  congeal  it.  Mr.  Mutton,  of  Kdinburgh,  announced,  i^  ^' 
deed,  several  years  a^o,*  that  he  had  succeeded  in  con<:talii  ^*S 
alcohol  of  the  sp.  gr.  .7l)«S,  but  neither  a  confirmation  ot  Ir  ^^' 
fact,  nor  the  details  of  his  process,  have  yet  been  publi^hoil. 

8.  Alcohol  has  no  action  whatsoever,  at  common  temper;"^' 
tores,  on  hydrogen,  oxygen,  or  azotic  ga^es,  on  almospbeir  ^ 
air,  nor  on  carbon  or  boron.     Chlorine  decomposes  it,  nniri   — 

•  Nicliolsoirs  Journal,  xxxiv.  106.     Sge  also  Thouisoirs  Annal.^,  i. '^^1^ 
nml  ii.  Ott,  \'i  h 
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Ibr  5  parts  of  this  alcohol,  mixed  with  5  of  distilled  water, 
give  a  mixture  of  sp.  gr.  0.9835,  which  is  less  than  the  mean 
(0.9854)  of  the  alcohol  and  water  before  mixture.  Hence,  in 
this  case,  there  must  have  been  a  dilatation  of  volume. 

3.  Alcohol  is  extremely  volatile,  and  produces  considerable 
cold  by  its  evaporation.  When  a  thermometer,  after  being  im- 
mersed in  spirit  of  wine,  is  suspended  in  the  air,  the  quicksilver 
sinks  two  or  three  degrees.  By  repeated  dippings  and  expo- 
sures, and  by  blowing  upon  the  bulb  with  a  pair  of  bellows^  Dr. 
CuUen  caused  the  thermometer  to  sink  from  44^  to  below  the 
freezing  point.  It  has  been  found  that  the  degrees  of  cold, 
produced  by  the  evaporation  of  spirits,  are  proportional  to 
the  strength  of  the  spirits.  Thus,  if  a  certain  degree  of  cold 
be  proiluced  by  water,  and  another  degree  by  alcohol,  a  spirit 
of  half  strength  will  give  a  degree  of  cold  just  half  way'be^ 
tween  the  two.     (Quart.  Jour.  x.  187.) 

4.  Alcohol  is  highly  inflammable^  and  burns  away  with  a 
blue  flame,  without  leaving  any  residuum.  The  light  emitted 
by  its  combustion  is  feeble ;  but  considerable  heat  is  evolved, 
and  it  is  employed,  therefore,  os  a  source  of  temperature  in  n 
variety  of  chemical  processes.  During  its  combustion,  car- 
bonic acid  is  generated ;  no  charcoal  appears ;  and  a  quantity 
of  water  is  produced  which  ei^cecds  in  weight  the  alcohol 
employed,  in  the  proportion,  according  to  Saussure,  of  132 
parts  of  water  from  100  of  alcohol.  The  flame  of  alcohol  ac- 
quires a  red  colour  from  muriate  of  lime,  a  deep  blood-red 
from  the  muriate  of  strontia,  and  a  green  tinge  from  boracic 
acid. 

5.  Alcohol  is  a  fluid  which  is  remarkably  expansible  by 
heat.  Dividing  the  scale  between  the  freezing  and  boiling 
points  of  water  into  two  equal  parts,  Mr.  Dc  Luc  has  stated 
that  alcohol  expands  35  parts  for  the  first  90°,  and  45  parts 
for  the  second  90°.  The  strength  of  his  alcohol,  however,  is 
described  only  by  the  indefinite  test  of  its  firing  gunpowder. 
Mr.  Dalton  found  that  1000  parts  of  alcohol,  of  the  specific 
gravity  .817,  at  50°  Fahrenheit,  became  1079  parts  at  170°. 
At  110°,  halfway  between  the  two  extremes,  the  alcohol  was 
at  1039,  or  half  a  division  below  the  true  mean.  The  more 
tba  alcohol  is  diluted  with  water,  the  greater  he  found  the 
disproportion  (o  be  between  the  two  parts  of  the  scale.  When 
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Mr.  Kirwiiii,  also,  lius  given  us  a  very  useful  Table,  Hum 
ing  the  power  of  alcohol  nt  diHcreiit  specific  gravities  to  dii 
solve  severnt  of  the  neutral  salts.  The  snlts  were  firxt  ill 
prived  of  their  water  of  cryetnllizatioii,  and  were  iligesM 
during  three  (ljiy!>i  with  alcohol,  the  temperature  ol  wbid 
never  exceeJed  80"  Falirenlieit.  ' 

iOOGrniiisorAlcoliolM 


Sulphate  of  soda 

magnesia  . 

Nitrate  of  potassa  . . .  , 

Muriate  of  |>otassa  . . . 

soda 

ammoiiia  , 

magnesia  . 

baryta    . ■  . 

crystallized 

Acetate  of  lime , 


.9001.872  1.848    .83+    Jl? 


2.4 


0 

.'  0.S8 

.  ,  0.S8 

.[  0.5 

.  1.5 
23.75  36.?.' 
0.29  0.18  0.09 
0.+3i  0.3'.i  0.06] 
4.12    4.75]  4.88, 


Some  salts,  also,  when  actually  dissolved  in  water,  arc  pre 
cipitated  by  the  addition  of  alcohol.  This  is  the  case  chiellj 
with  the  sulphates,  several  of  which  are  precipitated  imni6 
diatdy,  while  others  are  not  separated  without  the  applicatroa 
of  heat  and  a  few  days'  repose. 

10.  Potassium  and  sodium,  when  brought  into  contact  wid 
alcohol,  rectified  as  highly  as  possible,  pass  lo  (he  state  of  po- 
tassa and  soda  by  absorbing  oxygen.  At  the  same  time,  lij* 
drc^n  gas  is  evolved,  a  sufficient  proof  that  water,  or  at  lead 
iu  elements,  are  present  in  the  purest  alcohol. 

11.  Alcohol,  when  transmitted  through  a  red-hot coppo 
tube,  is  decomposed.  The  tube  is  found  lined  with  a  fO] 
fine  light  soot  resembling  lamp-black,  and  an  enonnout  €pt» 
lity  of  carbureted  hydrogen  gas  is  evolved,  not  less,  oi  ai^Ntf 
from  an  experiment  of  Van  Mnrum,  than  ten  cubic  feet,  by  th 
decomposition  of  three  ounces  ot'alcohol. 

Analysis  nf  Alcohol. — In  onicr  to  determine  tlie  eompc*'' 
tion  of  alcohol,  Lavoisier  burned  a  quantity  witli  very  tninuK 
attention  to  the  products,  by  means  of  an  appiiratus  describt^ 
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in  his  Elements  of  Chemistry,  Part  III.  eh.  viii.  sect.  5.  The 
weiglit  of  nicohol  consumed  amounted  to  98.5  grains,  and 
110.32  grains  of  oxygen  were  expended  in  the  combustion. 
The  water  produced  amounted  to  106.2  gi'ains,  and  the  car- 
bonic acid  to  93.8.  From  the  known  quantity  of  carbon  in  car- 
bonic acid,  and  of  hydrogen  in  water,  Lavoisier  inferred  that  the 
alcohol,  on  which  he  operated,  but  the  specific  gravity  of  which 
he  has  omitted  to  state,  was  composed  of 

Carbon 28.53 

Hydrogen 7.87 

Water  (existing  in  the  alcohol)  • .  •  •  63.6 

100. 

Comparing,  then,  the  composition  of  alcohol  with  that  of 
sugar,  that  distinguished  philosopher  was  led  to  the  conclusion 
that,  during  the  vinous  fermentation,  part  of  the  carbon,  by 
uniting  with  the  oxygen  of  the  sugar,  passes  to  the  state  of 
carbonic  acid,  and  that  the  remaining  carbon,  with  the  hy- 
drogen of  the  sugar,  composes  alcohol.  If,  therefore,  it  were 
possible  to  combine  carlK)nic  acid  and  alcohol,  sugar  ought  to 
be  regenerated. 

This  view  of  what  takes  place  during  the  vinous  fermenta- 
tion, viz.  that  its  general  result  is  the  conversion  of  sugar  into 
alcohol  and  carbonic  acid,  is  perfectly  consistent  with  subse- 
quent investigations.  But  the  proportions  of  the  elements  both 
of  sugar  and  alcohol,  assigned  by  Lavoisier,  have  been  mate- 
rially changed  in  consequence  of  more  recent  analyses. 

The  most  elaborate  series  of  experiments  on  the  composition 
of  alcohol,  is  that  of  Saussure,  junior,  (Nicholson's  Journal, 
xxi. ;  or  Ann.  de  Chim.  Ixxxix.)  He  employed  several  dif- 
ferent methods;  but  that,  on  which  he  placed  most  reliance, 
was  a  careful  analysis  of  the  products  obtained  by  transmitting 
alcohol  through  a  red-hot  porcelain  tube.  The  general  re- 
sults of  these  experiments  was  that  alcohol,  sp.  gr.  0.792  at  68^, 
consists  of 

Carbon •  •  51.98 

Oxygen 34.32 

Hydrogen 13.70 

Y  2 
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The  atomic  constilution  most  nearly  iigreeinf[  with 
etatenient,  is  the  foUowing ;  nnil  the  close  coincidence  beti 
ilie  experimental  rcsuhs,  and  the  numbers  in  the  Utl  coin 
strongly  GonfirniB  its  probability. 

Carbon 2  atoms  ....    12    ......  52.17 

Oxygen 1  ditto    ....     8    . . 34.79 

Hydrogen ....  3  ditto    ....     3   1S.04 


Dr.  Ure  has  analyzed  alcoliul  by  combiietion  with  peroj 
of  coppert  and  fonnd  it  composed  of 

Carbon 3  atoms  . . , ,  18 i6,lS 

Oxygen 2  ditto    ....   16 40.03 

Hydrogen  ....  5  ditto    ....     5 13.82 

39  100. 

His  alcohol,  liowevcr,  had  the  sp.gr  0.812,  Dnd  mntttlM 
fore  have  contained  6  per  cent,  of  water.  Excluding  thii,  1 
parts  of  sp.  gr.  .792,  must  liave  been  composed  of 

Carbon 49.10 

Oxygen 36.81 

Hydrogen 14.09 

100. 

We  may  consider,  then,  the  accuracy  of  Saussure's  ejp* 
ments  as  standing  unimpeached,  and  tlie  most  probable  C( 
■titution  of  alcohol  to  be  2  atoms  of  carbon,  +  1  ofoxy^ 
+  3  of  hydrogen.  But  in  order  to  compare  its  compo^ 
with  that  of  ether,  it  will  be  found  more  convenient  to  doul 
these  numbers,  and  to  consider  alcohol  as  represented  bjr 

Carbon  ...,..■...  4  atoms 84 

Oxygen 2  ditto    16 

Hydrogen 6  ditto    6 


The  two  atomi  of  oxygen  are  probably  associated  with  t 
atoms  of  hydrogen,  com|Kising  two  atoms  of  water ;  and  I 
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remainiog  foor  atoini  of  hydrogen  with  four  atomi  of  carb6D| 
forming  four  atoms  of  olefiant  gas.  We  may  consider  nloohol^ 
then,  as  constituted  of 

Olefiant  gas  •  •  •  •  4  atoms  • .  • «  7  x  4  =3  28    •  •  •  •  100. 
Aqueous  vapour .  2  ditto    ..  .^  9  X  i  ^  IS    ....     64.29 

Weight  of  the  atom  of  alcohol 46 

And  100  parts  by  weight  of  alcohol,  consist  of 

Olefiant  gas •  •  •  •  •  60.87 

Aqueous  vapour 59.13 

100. 

To  examine  the  coincidence  of  these  results  with  Gay  Lus- 
sac's  theory  of  combination  by  Volume  we  have  only  to  divide 
the  actual  weights  of  the  olefiant  gas  iind  aqueous  vapour  pre- 
sent in  alcohol  by  their  respective  densities^  which  gives  their 
volumes*    Thus, 

100.      ^  .9722  (density  of  olefiant  gas)  s  102.75  vols. 
64.29  -H  .675  (density  of  t^q.  vapour)  =  102.86  vols. 

Hence  it  appears  that  alcohol  is  constituted  of  102.7J  vo- 
lumes of  olefiant  gas,    +  102.86  volumes  of  aqueous  vapour. 
"These  proportions  approach  so  very  nearly  to  equality,  that 
"^e  may  admit  alcohol  to  consist  of  precisely  equal  volumes  of 
olefiant  gas  and  aqueous  vapour.     To  determine  the  state  of 
condensation  in  which  these  elements  exist,  it  is  necessary  to 
compare  the  density  of  the  vapour  of  alcohol,  as  detetmlntd 
\}y  experiment,  with   that  which   would  result  from  theofy. 
Now  the  density  of  the  vapour  of  alcohol,  ascertained  by  Gay 
Lussac's  experiments,  is  1.613;  and  on  the  supposition  that 
the  condensation  of  the  elements  of  alcohol  is  half  the  sum 
of  their  united  volumes,  we  obtain  .9722   +   .625  =    1.599; 
which  is  a  coincidence  as  near  as  can  be  expected  ffa  stich 
a  case. 

In  order  to  understand  the  theory  of  the  prodtictioil  df  al-* 
cohol,  which  has  been  proposed  by  Cay  Lussae,  it  is  necessary 
to  recapitulate  the  results  of  the  analysie  of  sugar,  made  by 
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that  philosopher  in  conjunction  with  TheuanL     Its  compoi 
lion  is  as  follows :  i 

Charcoal 48.*7 

Oxjgcn  and  hjdrafren  in   the  propor-i 
tions  required  to  rorm  water  . 


>  57.5S 


Or  of  102  volumes  of  gaseous  carbon  +  92  volumes  of  aquea| 
vapour. 

But  if  we  suppose  that  sugar  is  composed  of  +0  parts  fa 
weight  of  charcoal  and  tiO  of  water,  and  convert  these  wei^ 
into  volumes,  it  will  then  consist  of 

1  roluine  of  charcoal  in  vapour, 
1  volume  of  aqueous  vapour, 

or  of 
1  volume  of  cltarcual  In  vapour,  , 

I  volume  of  hydrogen, 
■i  a  volume  of  oxygen. 

But  alcohol,  it  has  heen  already  staled,  is  constituted  of     .' 

,     .   ,  „  f  2  vols,  vapour  of  charcoal, 

I  vol.„foMaotgi»=   I2  ,<,,..  b,a,„g„„, 

f  !  vol.  hydrogen, 
lvol.«<]ueou.v.pour=    |^  „,.  „,ge„_ 

or 

fi  vob.  vapour  of  charcoal, 
Alcohol  =  'I  3  Tol>>  hydrogen, 

^-^  a  volume  of  oxygen. 

And  tripling  the  numbers  representing  the  elements  of  m 
in  order  to  equalize  the  hydrogen  of  both, 

r  3  vols,  vapour  of  charcoal, 

I  3  vols,  hydrogen, 

>-3  half  volumes  of  oxygen. 

Comparing,  then,  the  composition  of  sugar  with  I 
alcohol,  itfollows  that  to  transform  the  former  into  the 
we  must  remove 

1  vol.  of  the  vapour  of  charcoal, 

1  vol.  of  oxygen  gas, 


{• 
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which,  by  combining,  form  1  volume  of  carbonic  acid.  Re- 
ducing these  volumes  to  weigh ts,  100  pounds  of  sugar  should 
afford  51.34  of  alcohol  and  48.66  of  carbonic  acid.* 

By  distillation  with  the  more  powerful  acids,  alcohol  under- 
goes an  important  change.  It  is  converted  into  a  liquid  con- 
siderably lighter  than  alcohol,  and  much  more  volatile  and 
inflammable,  and  miscible  only  in  small  proportion  with  water. 
This  fluid  has  received  the  generic  name  of  ether  ;  and  the 
peculiar  varieties  are  distinguished  by  adding  the  name  of  the 
acid,  by  the  intervention  of  which  they  have  been  prepared. 


SFXTION  Uh 

Ether. 

I.  To  prepare  sulphuric  elher,  pour  into  a  retort  any  quan- 
tity of  alcohol,  and  add,  at  intervals  suflicient  to  allow  the 
mixture  to  cool  after  each  addition,  an  equal  weight  of  con- 
centrated sulphuric  acid,  agitating  them  together  each  time, 
and  taking  care  that  the  temperature  of  the  mixture  does  not 
rise  above  120^  Fahrenheit.  Let  the  retort  be  placed  in  a 
sand-bath  previously  heated  to  200^  and  be  connected,  by 
means  of  an  adopter,  with  a  tubulateil  receiver.  To  the 
tubulure  of  the  receiver,  a  glass  tube,  twice  bent  at  right 
angles,  may  be  luted ;  and  its  aperture  be  immei'sed  in  a  cup- 
ful of  water  or  mercury.  The  condensible  va)x>ur  is  tlius 
conflned;  while  the  gases  that  are  produced  are  allowed  to 
escape.  The  receiver  and  adopter  should  be  kept  cool  by  the 
application  of  ice  or  of  moistened  cloths.  As  soon  as  the 
materials  begin  to  boil,  ether  is  produced,  and  passes  over 
into  the  receiver.  The  ebullition  is  to  be  continued,  till  white 
vapours  appear  in  the  retort,  or  a  smell  of  sulphurous  acid  is 
perceived;  and  the  receiver  is  then  to  be  removed.  The 
liquor,  which  it  contains,  will  probably  have  the  sp.  gr.  .78  or 
•79,  and  will  emit  a  smell  of  sulphurous  acid.     To  purity  it,  a 


*  Gay  Lu9saC|  05  Ann.  de  Chioi.SU. 


8S8       BBCOM  POSITION  OF  VBOBTABLB  8UB8TAMCS8.    CHAP.  Xi. 

small  quantity  of  black  oxide  of  manganese  may  bt  added»  and 
the  mixture  may  be  kept  in  a  bottle  about  24  hours,  agitating 
it  occasionally.  The  clear  liquid  is  then  to  be  decanted,  and 
distilled  in  a  water  bath,  till  one  half  has  come  over ;  tha  sp. 
gr.  of  which  should  be  at  most  .75.  This  is  to  be  preserved  in 
a  welUcloscd  phial.  Its  weight  will  be,  to  that  of  the  alcohol 
employed,  as  about  1  to  3.  It  may  be  further  purified,  and 
rendered  specifically  lighter,  by  the  action  of  water,  applied  in 
a  manner  which  will  presently  be  described. 

If,  when  the  ether  ceases  to  be  formed,  the  receiver  be  ra* 
moved,  and  the  heat  still  continued,  sulphurous  acid  is  pro* 
duced  abundantly,  and  a  yellowish  liquor,  very  different  from 
ether,  distils  over.  This  may  be  mixed  with  a  small  quantity 
of  liquid  potassa  to  correct  the  sulphurous  smell,  and  then 
submitted  to  a  heat  sufficient  to  drive  off  the  small  proportion 
of  ether.  The  oil  of  tvine  remains  swimming  on  the  watery 
liquid. 

II«  Niiric  ether  may  be  prepared  as  follows.    To  two  pints 
of  alcohol,  c^ontaincd  in  a  glass  retort,  add,  by  degrees,  half 
a  pound  of  nitric  acid ;  and,  after  each  addition,  cool  the  ma- 
terials,  by  setting  the  retort  in  a  vessel  of  cold  water.     Distil 
the  mixture  by  a  very  cautiously  regulated  heat,  till  about  s 
pint  and  a  halfliavc  come  over.     In  this  state  the  ether  is  far 
from  being  pure,  and  must  bo  i-edistillcd,  with  the  addition  of 
pure  potassa,  preserving  only  the  first  half  or  three- fourths 
thot  come  over. 

2.  Thenard  prepared  nitric  ether  by  the  following  process' 
Into  a  retort,  he  put  equal  parts  (about  16  oz.  of  each)  ^ 
alcohol  and  nitric  acid  ;  and  adapted  to  it  in  succession, 
means  of  glass  tubes,  five  tall  bottles,  half  filled  with  a  snti 
rated  solution  of  muriate  of  soda.  In  the  last  was  a  bei 
tube,  opening  under  a  jar,  to  receive  the  gaseous  product"^^ 
The  bottles  were  surrounded  by  a  mixture  ofpounded  ice  an-^^ 
salt,  which  was  stirred  occasionally.  To  commence  the  opcrf^ 
tion,  a  little  fire  was  applied,  but  it  soon  became  necessary  V^^ 
extinguish  it,  and  to  cool  the  retort.  On  the  surface  of  th 
saline  solution,  in  each  of  the  bottles,  was  found,  after  the  pro^  "^ 
cess  was  concluded,  a  yellowish  liquid,  equal  in  weight  lo  ol)ou  ^ 
half  the  alcohol  employed.     That   in  the  first  bottle  was  im-^ 
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pure ;  but  the  remaining  four  contained  nitric  ether  free  from 
admixture. 

8*  By  the  distillation  of  crystallized  nitrate  of  lead,  a  yellow 
ooloared  liquid  is  obtained,  which  is  nitrous  acid,  nearly,  if 
not  entirely,  free  from  water.  When  pure  alcohol  and  this 
floid  are  mixed  together  by  a  little  at  a  time,  to  obviate  as 
much  as  possible  the  violent  heat  which  is  evolved,  nitric  ether 
is  formed  at  once ;  and  this  is,  perhaps,  the  best  way  of  pre- 
paring it.  (Ann.  of  Phil.  xvi.  82.) 

4.  Bouillon  Lagrange  has  proposed  the  following  process  : 
Mix  together  in  a  mattrass  equal  weights  of  alcohol  and  nitric 
acid.  Saturate  this  mixture  when  cold  with  nitrous  gas  pro- 
duced in  the  usual  way.  To  the  mattrass  are  to  be  luted  a 
aeries  of  Woulfe's  bottles,  each  half  filled  with  a  saturated  so- 
lution of  common  salt.  The  mixture  gradually  becomes  hot, 
and  after  some  time  even  boils.  At  this  time  the  Woulfe^s 
bottles  must  be  surrounded  by  a  freezing  mixture.  All  the 
nitric  ether,  amounting  to  3  ounces  from  8  ounces  of  alcohol^ 
will  be  found  floating  on  the  surface  of  the  solution  in  the  se* 
cond  bottle.     (Ditto.) 

Nitric  ether,  prepared  by  any  of  these  processes,  has  a  yel- 
lowish colour,  a  strong  etherial  odour^  and  is  specifically  lighter 
than  water,  but  heavier  than  alcohol.  It  dissolves  in  the  latter 
fluid,  but  requires  for  solution  48  parts  of  water.  It  reddens 
litmus;  and  though  this  property  may  l>e  destroyed  by  a  little 
lime,  yet  the  ether  soon  becomes  acid  again  by  keeping.  It  is 
bq;hly  combustible ;  and  much  more  volatile  than  the  best  sul- 
phuric ether;  for  at  70°  Fahr.  it  produces  a  vapour  of  80 
inches  force.  It  is  composed,  in  100  parts,  of  14.49  azote, 
28.45  carbon,  48.52  oxygen,  and  8.54  hydrogen.* 

III.  To  prepare  muriatic  ether ^  add,  to  a  mixture  of  8  parts 
of  manganese  and  24  of  muriate  of  soda,  in  a  retort,  12  parts 
of  sulphuric  acid,  previously  mixed,  with  the  necessary  cau- 
tion, with  8  of  alcohol,  and  proceed  to  distillation.  The  ether, 
thus  obtained,  requires  to  be  rectified  by  a  second  distillation 
fnmi  potassa ;  and  is  still  liable  to  be  contaminated  with  suI- 


■A*. 


*  Nicholsou^ft  Jourasl,  xviil.  144. 
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phuric  ether.  A  more  certain  process,  which  is  not,  however, 
unaccompanied  with  some  difficulty,  consists  in  passing  cbIo» 
rine  gas  through  alcohol.  According  to  Klaproth,  this  kind 
of  ether  may,  also,  be  safely  and  effectually  prepared  by  dis- 
tilling  equal  weights  of  alcohol  and  chloride  of  tin.  The  dis- 
tilled liquid  is  to  be  rectified  by  a  second  distillation  with 
caustic  potassa.  An  improved  mode  of  preparing  this  ether, 
and  an  account  of  its  properties,  by  Thenard,  may  be  found  in 
Nicholson's  Journal,  xviii.  177,  or  in  the  Philosophical  Maga« 
zine,  XXX.  101.  Its  nature  has  been  a  subject  of  doubt. 
Boullay  considers  it  as  a  compound  of  muriatic  acid  and  al- 
cohol; but  Robiquet  and  Colin,  with  greater  probability,  re- 
gard it  as  a  compound  of  olefuint  gas  with  muriatic  acid.  Tliis 
view  is  confirmed  by  the  observation  of  Ampere,  that  the  density 
of  muriatic  ether  is  precisely  that  of  muriatic  acid  gas  -f  the 
density  of  olefiant  gas.  It  should  consist,  therefore,  of  equal 
volumes  of  these  two  gases,  united  without  any  condensation. 

The  properties  of  muriatic  ether  differ  from  those  of  sul- 
phuric ether.  It  passes,  at  or  below  70%  to  the  state  of  a  va- 
pour, the  sp.  gr.  of  which  is  2.2190  (Thomson),  air  being  1; 
in  a  liquid  state  its  sp.  gr.  at  40^  is  to  that  of  water  as  .870  to 
1 .  It  dissolves  in  an  equal  volume  of  water,  and  the  solution 
has  a  sweetish  taste  mixed  with  that  of  peppermint.  It  does 
not  redden  vegetable  blues,  nor  precipitate  nitrate  of  silver,  or 
pro-nitrate  of  mercury.  It  is  extremely  inflammable,  and  the 
odour  of  muriatic  acid  is  developed  by  its  combustion. 

IV.  Chloric  etiier  may  be  formed  by  causing  a  current  of 
olefiant  gas,  and  another  of  chlorine,  to  meet  in  a  glass  bal- 
loon, taking  care  that  the  first  mentioned  gas  is  somewhat  in 
excess.  An  oily  fluid  condenses,  which  may  be  purified  by 
first  washing  it  with  a  little  water,  and  then  distilling  it  from 
fused  muriate  of  lime.  It  is  limpid  and  colourless,  and  its 
smell  and  taste  are  both  rather  agreeable.  Its  specific  gravity 
is  1.2201 ;  its  boiling  point  152°  Fahrenheit;  its  vapour,  at 
49°  Fahrenheit,  supports  a  column  of  mercury  24.66  inches 
high ;  and  the  specific  gravity  of  this  vapour  is  3.4434,  air 
being  1.  It  bums  with  a  green  flame,  giving  out  a  smell.of 
muriatic  acid  and  much  soot.    It  is  composed  of  100  chlorine 
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+  38.88  olefiant  gas;  and  hence  it  maybe  inferred  to  consist 
of  one  atom  of  chlorine  and  two  atoms  of  olefiant  gas.* 

V.  Phosphoric  elher  may  be  obtained,  by  distilling  a  mix- 
ture of  thick  tenacious  phosphoric  acid  and  alcohol.  The 
first  product  is  a  portion  of  unchanged  alcohol.  After  this^ 
a  liquid  passes  over,  which  has  an*  ethereal  smell,  and  a  spe- 
cific gravity  inferior  to  that  of  alcohol.  It  is  very  volatile ; 
requires  for  solution  eight  or  ten  parts  of  water ;  boils  at  100; 
and  burns  with  a  white  flame,  without  leaving  any  trace  of 
acid.-f- 

VI.  Fluoric  ether  has  been  obtained  by  distilling,  in  a  leaden 
retort,  a  mixture  of  equal  parts  of  fluale  of  lime,  sulphuric 
acid,  and  alcohol.  The  product  of  this  distillation  was  again 
distilled  till  one  half  had  come  over,  to  which  potassa  was 
added.  This  precipitated  so  much  silex,  as  to  gelatinate  the 
whole  mass,  which,  on  being  again  distilled,  gave  a  light 
ethereal  liquid  of  the  specific  gravity  .720.^ 

VII.  Fltioboric  Ether. — When  a  current  of  fluoboric  gas  is 
passed  into  alcohol,  the  latter  acquires  an  ethereal  odour,  and 
emits  fumes.  The  liquid  rectified  first  from  potassa,  and  af- 
terwards from  chloride  of  calcium,  is  analogous  to  sulphuric 
ether,  burns  like  it,  and  without  acid  fumes.  Its  specific  gra- 
vity is  0.75,  when  not  purified  by  washing  with  water.  As  it 
does  not  essentially  contain  any  of  the  acid  employed  in  form- 
ing it,  it  may  be  ranked  with  those  produced  by  sulphuric, 
phosphoric,  and  arsenic  acids.  Its  formation  appears  to  be 
owing  to  the  affinity  of  fluoboric  acid  for  water.  It  is  not  ac- 
companied by  the  production  of  sweet  oil  of  wine,  as  in  the 
case  of  sulphuric  ether. 

VIII.  Hydriodic  ether  was  first  prepared  by  Gay  Lussac  by 
the  distillation  of  equal  volumes  of  alcohol  and  of  hydriodic 
acid,  sp.  gr.  1.700.  This  ether  does  not  redden  litmus;  its 
sp.  gr.  at  72®  Fahr.  is  1.9206;  it  boils  at  U8^  but  cannot  be 


•  Thomson,  Werner.  Trans.  toI.  i.;  and  Robiquet  and  Colin,  Ann.  de 
Cbiin.  et  Pbys.  i.  and  ii. 

f  See  Boullay,  Ann.  de  Chim.  Uii.  199. 
I  Nicholson's  Jonrnal,  viii.  143. 
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set  on  fire  by  bringing  an  inflamed  body  near  i(a  stirbce. 
By  keeping,  it  acquires  In  n  few  days  a  rose  colour  from  the 
diserifTagemenl  of  a  little  iodine, 

IX,  Acetic  ether  mny  be  formed  by  repeatedly  distilling 
concentrated  acetic  flcltl  (procured  from  acetate  of  copper) 
with  alcohol,  nnd  returning  the  distilled  liquor  to  the  charge 
in  the  retort.  The  ether,  thus  produced,  may  be  freed  from  a. 
redundance  of  add,  by  distillation  witli  a  small  quantity  of 
potassa.  It  is  heavier  than  other  ethers,  its  specific  gravity 
being  .866.  It  is  volatile;  boils  at  128°,  nnd  burns  with  a 
yd lo wish  white  flame.  During  combustion,  acetic  acid 
ii  developed,  though  none  can  be  discovered  in  the  ether 
before. 

This  process  has  been  repeated,  with  considerable  attenttotit 
by  Mr.  Chenevis.  By  rcpeate<!ly  distilling  to  dryness  «  mtjp* 
turo  often  parts  of  alcohol  with  ten  parts  of  acetic  acid,  he 
ascertained  that  no  change  in  thespecificgravity  of  theprodmt 
look  place  after  the  first  distillation.  Seven  twcllths  of  Uir 
acetic  acid  were  decomposed.  Dry  carbonate  ofpotassa,  oddcd 
in  sufficient  quantity  to  absorb  all  the  wnter,  gave  a  quantiiy  ^ 
of  ethereal  liquor,  which  weighed  7. 4  parts,  and  had  ihcspectfie 
gravity  of  S.fiSl.* 

X.  Ethers  from  henzntc,  mtilic,  oxalic,  citric,  and  lartorir 
acids,  have  also  been  prepared,  but  not  without  the  intervention 
ofa  mineral  acid,  which  renders  their  existence  as  distiort 
kinds  of  ether  somewhat  uncertain. 

Properties  of  Sidphuric  Ether. 

I.  It  is  extremely  light,  having  the  specific  gravity  of  .73*>i 
or*  according  to  Lovitz,  even  of  .632. 

The  specific  gravity  of  ether,  as  found  in  the  shops,  is  seldc"^ 
leu  than  .750<  It  is  in  fact  a  mixture  of  ether  and  alcoh  ^^ 
The  following  Table  has  been  constructed  by  Mr.  Dalton  frt^*"* 
direct  experiments  on  mixtures  of  ether,  sp.  gr.  .720,  with  ^^^ 
cobol  of  sp.  gr.  .830. 

*  Ana.deCliim.  IkIx.AS.  Se«  also Thnnrd  on  ttw  Acticn  of  V^fMrt^** 
Acidt  on  Alcohol,  Mem.  d'ArcueU,  ij.  5,or37  Phil.  Ua^.  91G. 
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Table  of  the  Specific  Gravities  of  Mixtures  of  Ether  and 

AlcohoU 

Ether.      Alcohol.  -  Sp.  Gr. 

100  +  0    .  • 0.720 

90  +  10    0.732 

80   +  20    0.744 

70   +  30    0.756 

60   +  40    0.768 

SO   +  50    0.780 

40   +  60    0.792 

80   -f  70    0.804 

20   +  80    0.816 

10   +  90    , 0.828 

0   +  100    0.890 

From  this  Tablcj  it  should  appear  that  the  rectified  ether 
oF  the  shops,  sp.gr.  0.750,  contains  about  25  per  cent,  by  weight 
of  alcohol,  and  the  unrectified  ether  from  55  to  60  of  alcohol, 
the  ethereal  portion  having  the  sp.  gr.  .720. 

2.  It  has  been  observed  by  Girard,  that  ether  escapes 
through  a  capillary  tube  with  much  greater  velocity  thaa 
either  water  or  alcohol,  the  relative  times,  for  equal  quantities 
of  each  fluid,  being  101  seconds  for  ether,  349  for  water,  and 
856  for  alcohol.  The  comparative  heights^  to  which  these 
three  fluids  rose  in  the  same  capillary  tube,  were  found  to  be 
nearly  6  for  ether,  9  for  alcohol,  and  13  for  water.* 

3.  Ether  does  not,  like  alcohol,  combine  in  a  considerable 
proportion  with  water ;  and  when  the  two  fluids  are  sliaken 
together,  they  mostly  separate  again  on  standing.  Water, 
however,  retains  about  one  tenth  its  weight  of  ether;  and  ac- 
quires an  odour  which  is  much  the  same  as  that  of  ether  itself. 
By  repeated  agitation  with  water,  ether  is  deprived  of  most  of 
the  alcohol  which  it  contains,  is  brought  to  a  high  degree  of 
purity,  and  acquires  the  property  of  dissolving  caoutchouc. 

The  process  of  washing  ether,  as  performed  in  presence  of 
Faujas  de  St.  Fond,  by  Mr.  Winch  of  London,  is  described 
by  the  former  as  follows ;  Let  a  pint  of  good  sulphuric  ether 


*  0  Ann,  d«  Cbioi.  et  Ph^rs.  239. 
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be  put  into  a  bottle  (or,  in  preference,  into  the  separator,  plate 
i.  fig.  S),  along  with  two  pints  of  water ;  agitate  the  two  liquids 
repeatedly  together ;  tlien  let  them  stand  till  the  ether  has 
risen  to  the  surface ;  and  draw  off  the  water  through  the  lower 
cock  b,  leaving  the  ether  in  the  vessel.  Repeat  this  process 
three  or  four  times,  or  till  scarcely  one-third  of  the  ether  re- 
mains; and  decant  the  residue  into  a  well-stopped  phial.  In 
this  ether  elastic  gum,  cut  into  thin  slips,  soon  begins  to  swell ; 
but  its  action  is  slow ;  and  about  the  end  of  five  days,  the  so- 
lution is  completed.  The  method  of  forming  tubes,  Sic,  witli 
this  solution,  is  described  in  the  first  volume  of  Faujas  de  St. 
Fond*s  Travels  in  England,  chap,  i, 

4.  Ether  is  extremely  volatile.  A  few  drops,  poured  on  tlie 
hand,  evaporate  instantly ;  and  produce  a  sense  of  great  cold. 
By  pouring  a  small  stream  of  ether,  from  a  capillary  tube,  on 
a  thermometer  bulb  filled  with  water,  the  water  may  be  frozen, 
even  in  a  warm  summer  atmosphere.  Under  the  pressure  of 
the  atmosphere,  ether  of  sp.  gr.  .720  boils  at  96  or  98°  Fahr., 
and  in  vacuo  at  20  degrees  below  0.  Two  ounce  measures, 
when  converted  into  gas  at  the  temperature  of  72}°  Fahrenheit, 
fill  the  space  of  a  cubic  foot.*  According  to  Gay  Lussac,  ether 
produces  a  gas,  the  density  of  which  is  to  that  of  air  as  2.586 
to  1.     Berzelius  and  Dulong  state  its  density  to  be  2.5808. 

The  force  of  the  vapour  of  ether  may  be  beautifully  shown  hy 
letting  up  a  drop  or  two  of  sulphuric  ether  into  the  vacuum  of  iw 
common  barometer,  when  it  will  instantly  depress  the  mercury^ 
several  inches,  more  or  less,  according  to  the  temperature.  I^ 
is  easy  to  know  in  this  way  what  force  the  vapour  of  ethec" 
will  at  any  time  acquire  in  air,  since  its  force  is  always  jus^ 
the  same  in  air  as  in  a  vacuum  at  a  given  temperature.  Sup- 
pose its  force  in  vacuo,  when  the  barometer  stands  at  30,  to  be 

10  inches,  then  — - —  =1.5;  that  is,  if  ether  be  passed  up 

into  air  under  those  circumstances,  it  will  in  due  time  increase 
the  volame  of  air  50  per  cent.  This,  however,  is  true  only  of 
pore  ether,  for  if  impure  ether  be  passed  through  water,  it  is 
impnrei  in  quality,  though  diminished  in  quantity.  (Dalton.) 


•  Saussure,  jiin. 
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When  gasesy  mingled  with  the  vfipoiir  of  ether,  are  confined 
by  dry  mercury,  they  may  be  kept  over  it  without  sustaining 
any  loss.  But  they  cannot  be  kept  over  alcohol  without  sus- 
taining a  rapid  loss  of  ethereal  vapour.  Over  water,  there  is 
a  loss  also,  but  much  less  rapid. 

The  force  of  the  vapour  of  ether  at  diflerent  temperatures 
has  been  investigated  by  Mr.  Dalton  and  by  Dr.  Ure,  but  the 
results  of  the  latter  are  objectionable,  on  account  of  the  impu- 
rity of  the  ether  which  he  employed.  Mr.  Dalton  has  given 
the  following  Table,  showing  the  force  of  ethereal  vapour  at  a 
few  temperatures : 

Temperatures  Force  of 

in  degrees  of  Fahr.  Ftliereal  Vapour. 

36^    • 7.5  inches, 

64      15. 

96      30. 

132      60. 

173      120 

220      240 

The  experiments,  on  which  the  foregoing  Table  is  founded^ 
were  not  carried  further  than  212'^,  but  as  that  temperature 
gives  a  force  of  207  or  209  inches,  the  force  at  220  may  be  in- 
ferred to  be  240. 

The  boiling  point  of  mixtures  of  ether  and  alcohol,  Mr.  Dal- 
ton found,  may  be  made  to  vary  from  96^  to  170^;  but  we 
cannot,  from  the  proportions  of  any  mixture,  infer  what  will  be 
the  boiling  point,  which  is  always  much  nearer  that  of  ether 
than  the  proportions  would  indicate. 

5.  A  mixture  of  sulphuric  and  muriatic  ethers  evaporates 
instantaneously,  and  produces  a  degree  of  cold  considerably 
below  0  of  Fahrenheit. 

6.  Sulphuric  ether  assumes  a  solid  form,  by  reducing  its 
temperature  to  —  46^  of  Fahrenheit. 

7.  Ether  is  alike  converted  into  a  gas,  either  by  raising  its 
temperature,  or  diminishing  the  pressure  of  the  atmosphere  on 
its  surface.  The  experiments  proving  this  have  already  been 
described,  vol.  i.  p.  120. 
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8.  Ether  does  not  dissolve  the  fixed  alkalis,  but  it  combines 
with  ammonia. 

9.  It  dissolves  essential  oils  and  resins,  and  takes  up  kbout 
a  twentieth  ofiu  weif^lit  of  sulphur,  which  is  deposited  as  lb« 
ether  volatilizes.  Ether  dissolves,  alito,  a  smell  portion  of 
phosphoruH,  and  the  solution,  when  poured  on  the  surface  of 
wai-m  water  in  the  dark,  emits  a  Inmbent  blue  Same. 

10.  The  slow  combustion  of  the  vapour  of  ellier  is  be»l 
shown  by  passing  a  few  dro|)s  iuio  a  receiver  furnisbMl  with  a 
brass  cup  and  stopcock,  to  which  a  anialt  pipe  is  screwed,  atid 
inverted  in  water  of  the  temperature  of  10()".  The  receiver  will 
be  filled  with  the  gas  of  ether,  which  may  be  expelled  tbronf{h 
the  pipe  and  set  on  fire.  It  burns  with  a  beautiful  deep  blue 
flame. 

11.  When  ether  is  previously  mixed  with  oxygen  gat^  it 
detonates  loudly.  Into  a  stronj^  two-ounce  phial,  filled  with 
oxygen  gas,  and  wrapped  round  with  a  cloth,  to  secure  the 
hand  from  injury,  let  fall  a  drop  of  ether.  On  applying  ibe 
(lame  of  a  candle,  a  violent  detonation  will  ensue.  Or  to* 
portion  of  oxygen  gas,  eontainni  in  the  detonating  tube,  fig. 
28,  pass  up  a  drop  or  two  of  ether.  The  volume  of  the  gas  at 
temperatures  from  60°  to  70°.  will  be  about  doubled  i  belov 
those  temperatures  it  is  lest  than  doubletl  ;and  above  more  than 
doubled.  If  doubled,  or  upwards,  an  electric  spark  will  prtK 
bably  not  occasion  an  explosion,  owing  to  the  excess  of  etticreal 
vnpour.  To  produce  a  complete  combustion,  the  ether  vapour 
should  be  only  from  3  to  10  percent,  of  the  volume  of  oxyget^ 
and  the  residue  in  that  case  consists  of  oxygen  only.  Ten 
volumes  of  ether  vnpour  produce,  according  to  Mr.  Dullon,  40 
volumes  of  carbonic  acid,  and  consume  GO  of  oxygen.  Atmo- 
spheric air  docs  not  form  a  combustible  mixture,  if  the  vapour 
exceed  S  per  cent,,  and  it  rarely  explodes  with  less  than  t 
per  cent. 

The  vupour  of  ether  explodes  also  with  chlorine,  as  ia 
diown  by  the  following  experiment,  described  by  Mr.  Cruick- 
•hunk.  (Nicholson's  Journal,  Ho,  v.  205.)  Fill  a  bottle  of  the 
capacity  of  three  or  four  pints,  with  chlorine  gas,  taking  cm* 
to  expel  the  wnlcr  as  completely  as  po^aiblc.    'i'liett  llirow  inlg 
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it  about  a  dram  or  a  dram  and  a  half  of  good  ether,  covering 
its  month  immediately  with  a  piece  of  light  wood  or  paper. 
Ln  a  few  seconds  white  Tapour  will  be  seen  moving  circularly 
in  the  bottle^  and  this  will  soon  be  followed  by  an  explosion, 
accompanied  with  flame.  At  the  same  time  a  considerable 
fpantity  of  carbon  will  be  deposited,  and  the  bottle  will  be 
fixmd  to  contain  carbonic  acid  gas. 

18.  Snlphuric  ether  was  first  observed  by  M.  Planche  to 
midergo  a  spontaneous  change  when  kept  in  a  vessel  not  en- 
tirely full,  and  frequently  opened  and  exposed  to  the  light. 
Bj  this  exposure  ether  becomes  acid  in  consequence  of  the 
production  of  vinegar,  and  loses  somewhat  of  its  sweet  odour 
sad  its  volatility.*    This  observation  has  been  confirmed  by 
Gay  Lussac,t  who  found  that  ether,  which  had  been  very 
ittcntively  purified,  so  that  its  boiling  point  did  not  exceed 
MP  Fahrenheit,  nor  its  density  0.7119,  and  which  had  no 
icdon  on  turnsole,  acquired  this  last  property  by  keeping,  an4 
Hdie  same  time  became  specifically  heavier  and  less  volatile. 
When  a  part  of  the  ether  thus  altered  was  distilled  ofi*,  the 
Rndue  evidently  contained  both  acetic  and  sulphuric  ether, 
tad  a  peculiar  kind  of  oil,  which  Gay  Lussac  thinks  it  proba- 
Ue  exists  in  all  ether,  since  that  fluid,  even  when  recently 
md  skilfully  prepared,  leaves  an  evident  spot  on  the  glass  on 
vhich  a  few  drops  are  put  to  evaporate. 

13.  During  his  investigations  on  flame.  Sir  H.  Davy  dis- 
covered that  when  a  piece  of  fine  platinum  wire  is  heated  and 
pifoed  over  the  surface  of  ether  in  an  open  glass,  a  pale  lam- 
bent flame  plays  around  it,  the  wire  becoming  red,  and  even 
white  hot,  and  frequently  inflaming  the  ether.     At  the  same 
time,  peculiarly  pungent  fumes  arise,  the  production  of  which 
takes  place,  at  all  temperatures,  from  a  heat  rather  above  the 
boiling  point  of  mercury,  until  the  ether  is  inflamed.     These 
vapours  are  extremely  acrid  and  pungent;    they  resembles 
chlorine  in  smell ;  and  afi*ect  the  eyes  in  a  manner  similar  to 
the  compound  of  chlorine  and  nitrogen.     Their  nature  was 
examined  by  Mr.  Faraday.^     By  passing  considerable  quan- 
tides  of  a  mixture  of  atmospheric  air  and  ether  through  a 


•  Ann.  de  Chim.  et  Phys.  ii.  213.  f  Ibid.  ii.  98. 
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heated  ^lass  tube,  contaiuiog  )ilatiiium   in  wire  and  lea^  he 
obtained  a  clear  and  colourless  liijitor,  of  a  sliglitly  acid  taste 
and  strong  irritatinf;  smell.     It  reddened  litmus  paper,  as  did, 
also,    its  vapour.     When   healed  it  was  quickly   dissipated, 
leaving  on  the  eapsulc  a  slight  conlly  mark.     It  united  to 
ammonia,  and  formed  a  neutral  salt,  which,  by  careful  evupo-    , 
ration,  might  be  obtained  solid,  but  was  volatile,  even  at  lem-   ( 
peratures   below   boiling  water,  producing  a   peculiar  fetid   ^ 
smell.     It  united  with  potaess,  and  tbrmed  a  salt,  from  -which  , 
the  acid  was  expelled  by  beat  alone.     The  acid  solution  ex- 
pelled carbonic  acid  from  nil  the  alkaline  carbonates;  aod  ' 
salts  were  obtained,  from  which  the  acid  was  again  expelled  3 
by  all  the  stronger  acids.     Mr.  Daniel],  aUo,  having  collected    1 
more  than  a  pint  and  a  half  of  this  acid  litjuor,    investigated 
its  properties,  and  at  Rrst  concluded  that  it  was  a  new  aciJ, 
which  formed  a  distinct  set  of  compounds  with  bases.     Ht 
gave  it,  therefore,  the  name  of  tampic  acid ;  and  its  conipoiUMb 
Out  of  litmpales.   (Quart.  Journ.  vi.)    Having  since,  howcnr* 
been  induced,  by  the  close  approach  of  ils  equivalent  number 
to  that  of  acetic  acid,  to  resume  its  examination,  he  now  finds 
that  the  acid,  formed  during  the  slow  combustion  of  ether, '» 
merely  the  acetic,  iiolding  in  solution  some  compound  of  cs^• 
bon  and  liydrogen,  which  difler^  both  from  ether  and  atcohol- 
(Quart.  Journ.  xii.)     It  is  to  the  presence  of  this  coinpouad 
tliat  lampic  acid  owes  ita  property  of  precipitating  gold,  pla- 
tinum, silver,  and  mercury,  from  their  solutions  in  a  metallic 
state ;  and  of  aflbrding  salts,  which,  in  their  forms  and  proper" 
Ues,  differ  somewhat  from  acetates  formed  with  similar  bam* 

Composition  of  Sulf/huiic  Elher. 

By  following  the  same  processes  as  those  which  have 
already  described  in  speaking  of  alcohol,  and,   also,  by  ll 
rapid  combustion  of  ether  with  oxygen  gas,  Saussure  fow 
that  100  parts  of  sulphuric  ether,  of  specific  gravity  0.7I55i 
68°  Fahrenheit,  contain 

Carbon 67.98 

Oxygen 17.6ii 

Hydn^n U.40 
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The  exceas  of  hydrogen,  above  what  is  necessary  to  form 
water  with  17.62  parts  of  oxygen,  is  12.07  parts,  which,  when 
added  to  the  carbon  (12.07  +  67.98)  give  80.05  for  the  defiant 
gas  in  100  parts  of  ether.  The  remainder  1995  parts  are 
water.  Ether,  therefore,  should  be  constituted  of  5  atoms  of 
oiefiant  gas,  and  1  atom  of  water;  or  of  6  atoms  of  hydrogeu, 
5  of  charcoal,  and  1  of  oxygen. 

Dr.  Ure  has  analysed  ether,  sp.  gr.  .700,  by  igniting  it  with 
peroxide  of  copper,  and  finds  it  to  consist  of 

Carbon 3  atoms .  •  •  •  18    ......  60.00 

Oxygen 1  ditto   ....     8    '26.G6 

Hydrogen  ...  4  ditto   ....     4   1 3.34 

30.  100. 

On  comparing  the  analytical  results  of  Saussure,  with  the 
ikeoffj  of  volumes,  Gay  Lussac  remarked  that  the  coincidence 
MS  not  so  near  as  in  the  case  of  alcohol ;  for  ether,  according 
to  that  analysis,  should  consist  of 

Olefiantgas 102.49  volumes. 

Aqueous  vapour   40.      ditto. 

But  the  density  of  the  vapour  of  ether  was  found  by  expe- 
riment to  be  2.581 ;  and  if  we  suppose  it  to  be  constituted  of 
iOO  volumes  of  olefiant  gas  and  50  volumes  of  aqueous  va- 
pour, or  of  two  volumes  of  the  former  and  one  of  the  latter, 
iml  that  the  condensation  is  two  thirds  of  their  united  volume, 
we  obtain  2.5694  for  its  density,  calculated  from  its  assumed 
composition.  This  would  lead  to  the  following  view  of  the 
constitution  of  ether,  which  is  probably  the  true  one: 

Olefiant  gas 4  atoms ....  7  x  4  =  28 

Aqueous  vapour  • .  1  ditto 9 

37 
Or, 

Carbon 4  atoms ....  24   ....  64.86 

Oxygen  ...••.•  1  ditto   ••..     8   ....  21.62 
Hydrogen 5  ditto   ••••     5    ..••  13.52 

37  100. 

z  2 
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Contrasting,  then,  the  composition  of  alcohol  and  that  of 
ether,  it  will  be' easy  to  perceive  what  takes  place  when  the 
former  is  converted  into  the  latter. 


Alcohol  consists  of 

defiant  gas 4  atoms 

Aqueous  vapour. .  •  2  ditto 

Or,  in  volumes, 

defiant  gas ....  4  volumes 
Aqueous  vapour   4  ditto 


Ether  consists  of 

Olefiant  gas 4  atoms 

Aqueous  vapour.  • .  1  atom 

In  volumes, 

Olefiant  gas ....  4  volumes 
Aqueous  vapour   2  ditto 


To  change  alcohol  into  ether,  all  that  is  necessary  is  to  take 
away  one  atom,  or  two  volumes,  of  aqueous  vapour;  and  in 
this  removal  of  one  half  the  water^  which  forms  an  element 
of  alcohol,  it  seems  to  be  universally  agreed  that  etherification 
consists,  even  among  those  who  differ  as  to  the  precise  number 
of  atoms  constituting  those  fluids.  If  then  the  conversion 
could  be  made  without  any  loss,  46  parts  of  absolute  alcohd 
should  give  37  parts  of  ether,  or  100  parts  by  weight  of  alco- 
hol should  give  very  nearly  80^  of  ether,  a  proportion  which, 
owing  to  a  variety  of  causes,  can  never  be  obtained  in  prac- 
tice. 

When  we  act  upon  alcohol  with  a  proportion  of  sulphuric 
acid  sufficient  to  take  away  the  whole  of  the  water,  we  obtain 
little  or  no  ether.  Olefiant  gas  is  in  this  case  the  principal  pro- 
duct, mixed,  however,  with  some  sulphurous  and  carbonic 
acid  gases,  which  are  formed  by  tlie  too  energetic  action  of 
the  sulphuric  acid  on  the  carbon  of  the  alcohol.  We  can  at 
pleasure  then  convert  alcohol  either  into  ether  or  olefiant 
gas,  though  neither  of  those  products  is  wholly  unaccom- 
panied by  others,  resulting  from  a  still  farther  decomposition 
of  that  fluid  into  its  ultimate  elements. 
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SECTION  IV. 

Acetous  and  Acetic  Acids. 

Thbse  names  were  applied,  by  the  framers  of  the  new 
chemical  nomenclature,  to  denote  what  were  supposed  to  b^ 
two  distinct  acids,  common  vinegar  purified  by  distillatioa 
being  termed  the  acetous^  and  the  highly  concentrated  acid, 
formerly  called  radical  vinegary  being  denominated  acetic.  To 
account  for  the  superior  strength  of  the  latter,  it  was  supposed 
to  contain  a  larger  proportion  of  oxygen,  derived  from  the 
metallic  oxide,  from  which  acetous  acid  is  generally  distilled 
when  converted  into  acetic.  The  experiments  of  Adet  were 
the  first  that  threw  any  doubt  upon  this  conclusion;  and 
though  they  appeared  to  be  contradicted  by  the  subsequent 
ones  of  Chaptal  and  Dabit,  yet  they  afterwards  received  the 
fullest  confirmation  from  the  researches  of  Darracq.  The 
last  mentioned  chemist  succeeded  in  converting  common  dis- 
tilled into  radical  vinegar,  under  circumstances  where  no  far- 
ther oxygenation  of  the  acid  could  possibly  be  effected,  viz. 
by  repeated  distillation  from  fused  chloride  of  calcium ;  which 
can  only  act  by  abstracting  water.  Both  terms,  however, 
may  be  retained  for  the  sake  of  brevity  :  the  acetom  add  de- 
noting the  weak  acid  obtained  by  fermentation;  and  the 
aceticj  the  acid  in  its  concentrated  state. 

Acetous  acid  may  be  procured  by  exposing  in  casks  partly 
filled,  and  open  to  the  atmosphere,  at  a  temperature  between 
75°  and  90°  of  Fahr.  the  liquor  which  has  been  obtained,  by 
the  vinous  fermentation,  from  malt,  sugar,  or  other  substances. 
The  liquor  soon  becomes  warm ;  a  number  of  ropy  filaments 
appear;  and  after  several  weeks,  it  will  be  found  to  have  ac- 
quired an  acid  taste  and  smell.  Little  or  no  gas  is  evolved ;  but, 
on  the  contrary,  an  absorption  of  oxygen  takes  place.  There 
is  an  essential  difference,  therefore,  between  the  circumstances 
attending  the  vinous  and  acetous  fermentations.  The  latter 
requires  the  access  of  air  as  an  indispensable  condition; 
whereas  the  vinous  fermentation  may  be  performed  in  close 
vessels,  or  at  least  in  vessels  which  only  allow  egress  to  the 
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clastic  fluids  that  nre  produceil.     It  must  not,  however,  be 
supposed  that  tlic  vinous  fermentation  is  required   as  a  pre- 
vious step  to  acidificatlDn ;  for  many  liquids  containing  sugar, 
mucilage,  or  atarcli,  become  sour  at  once,  without  pasaii^    i 
through  the  former  chaiif^e.  I 

Common  vinegar,  which,  in  this  connlry,  is  chiefly  pr^    ■ 
pared  from  an  infusion  of  malt,  Bometimes  with  the  addition    • 
of  ^ugar  or  mclasscs,  and  in  France  from  weak  wines,  niny  be   4 
puriGed  to  a  certain  extent,  by  ^ubmittingit  todistillation  in  *  k 
glass  retorl.     The  best  mall  vinegar,   unadulterated   by  nai-    k 
phuric  acid  or  colouring  matter,  has  a  specific  gravity  of  li 
1.0?04'.     When  distilled,   the  first  eighth  part  is  of  sp.  gr.  « 
0.99712,  and  contains  such  a  proportion  of  acid,  that  a  fluid    m 
ounce  dissolves  from  4,5  to  5  grains  of  precipitated  carhonnle 
of  lime.     The  subsequent  six  eighths  are  of  sp.  gr.  1.0023, 
and  n  fluid  ounce  decomposes  8.12  grains  of  carbonate  of  lime. 
A  similar  quantity,  of  sp.  gr.  1.007,  decomposes  from  15  to  IS 
grains  of  precipitated  ciirbonalc  of  lime,  or   13  8  grains  of 
marble*     By  distillation,  however,  vinegar  ciin  only  Ijc  tn> 
perfectly  purified,  and  it  always  acqulree  n  burnt  fluvuur.  Ths 
distilled  liquor  contains  loo  an  extractive  matter,  which  Dar- 
racq  considers  as  mucilage,  and  which  causes  it  to  become 
ropy  by  keeping,  and,  also,  as  Mr.  Chencvix  has  showu,  a 
portion  of  alcohol.     The  extractive  matter,  it  has  been  found 
by  the  latter  chemist,  cannot  be  removed  by  several  repeated 
distillations.     In  French  vinegar,  he  discovered  a  larger  pro- 
portion both  of  acid  and  alcohol,  with  less  of  mucitnge,  iban 
in  the  vinegar  of  this  country.     From  four  pints  of  distilled 
French   vinegar,  he  obtaiueil   nearly  an  ounce   measure  ot 
ardent  spirit. 

Acetous  acid  is  prepared,  also,  in  very  considerable  qiwii- 
lity,  by  the  distdlation  of  wood.  Tiie  wood  is  inclosed  in  iron 
cylinders  or  retorts,  which  arc  exposed  to  a  red  heat.  A" 
immense  quantity  of  inllnmniable  gas  is  produced;  aiiJ  <• 
liquid  called  formerly  pyrvUgueoiis  avid,  is  condensed,  whieb 
consists  of  acetous  acid  holding  in  solniion  n  qunntilv  of  KtX 
uid  of  essential  oil.     These  impurities  ii  is  possible  to  remove 

•  Philips  ™  llie  London  Pliann.  p.  T. 
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entirely;  so  that  the  acid,  thus  prepared,  may  be  employed 
for  all  the  purposes  of  vinegar. 

A  process,  for  the  decoloration  of  pyroligneous  acid  and  all 
kinds  of  vinegar,  has  been  proposed  by  Figuer.  The  agent 
he  employs  is  animal  charcoal,  which  may  be  prepared  by 
calcining  the  most  compact  beef  or  mutton  bones  in  a  cru- 
cible, to  which  a  cover  must  be  luted,  having  a  small  aper- 
ture, to  allow  the  escape  of  the  gases,  and  of  the  other  vola- 
tile substances.  Towards  the  close  of  the  calcination,  when 
no  more  flame  issues,  this  aperture  must  be  closed,  and  the 
heat  raised  for  half  an  hour.  To  a  wine  quart  of  cold  vinegar, 
an  ounce  and  a  half  of  this  charcoal,  finely  powdered,  is  to  be 
added,  and  occasionally  stirred.  In  24  hours,  the  vinegar 
begins  to  lose  its  colour,  and,  in  three  or  four  days,  is  entirely 
deprived  of  it.  It  is  then  to  be  filtered  through  paper,  and  it 
will  be  found  (if  the  charcoal  has  been  well  prepared)  to  re- 
tain its  acidity,  without  having  acquired  any  unpleasant  fla- 
vour. By  reducing  the  quantity  of  charcoal  to  one  half,  the 
change  is  still  effected,  but  more  slowly. 

For  purposes  of  experimental  research,  acetic  acid  may  be 
prepared  by  distilling  from  a  glass  retort  any  quantity  of  the 
acetate  of  potassa  (which  may  be  obtained  under  that  name  at 
the  druggist's),  with  half  its  weight  of  concentrated  sulphuric 
acid.  The  adopter  and  receiver  should  be  kept  cool  during  the 
dbtillation.  The  product,  which  will  be  found  contaminated 
with  a  little  sulphurous  acid,  may  be  put  into  a  bottle,  and 
shaken  at  intervals  for  24  hours  with  a  small  quantity  of  black 
oxide  of  manganese.     A  second  distillation  will  then  afford 

it  pure. 

Mr.  Phillips  has  described  an  outline  of  the  following 
process,  as  a  good  and  economical  method  of  preparing  ace- 
tic acid:  dissolve  10  ounces  of  acetate  of  lead  (equivalent 
to  about  4+  ounces  of  dry  acetate  of  lime,  which  may  be  sub- 
stituted if  more  convenient)  in  two  pints  of  distilled  or  rain 
water,  and  add  to  the  heated  solution  8.;-  ounces  of  crystal- 
lized sulphate  of  soda,  dissolved  in  a  pint  of  boiling  water. 
Mix  the  two  solutions,  which  will  be  mutually  decomposed. 
An  acetate  of  soda  will  be  formed,  and  may  be  decanted  or 
drained  through  a  cloth,  from  the  precipitated  sulphate^  of 
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lead  or  lime-  Evaporate  the  solution  to  dryness,  taking  core 
to  employ  a  moderate  heat  at  the  Inst ;  reduce  it  to  powder ; 
and  put  it  into  a  retort,  with  three  ounces  of  sulphuric  acid, 
diluted  previously  with  an  ounce  of  water.  By  distillnlioo 
at  a  gentle  heat,  about  5-f,  ounces  of  acetic  acid  will  be  ob* 
tained,  containing  42  per  cent,  of  real  acetic  acid.  The  con- 
tamination of  the  product  with  a  little  sulphurous  acid  is  not 
easily  discovered  by  the  EUiell,  on  account  of  the  strong  odour 
of  (he  acetic  acid ;  but  it  is  easily  discriminated,  on  drawing  a 
little  of  the  vapour  into  the  luufrs,  by  its  causing  &  scneatJoo 
like  that  produced  by  breathing  the  tiimes  of  burning  brim- 
atone.  Ill  this  case,  the  acid  must  be  redistilled  from  l-]6th 
or  l-2otli  its  weight  of  acetate  of  lead.  By  using  very  dry 
acetate  of  soda,  and  very  concentrated  sulphuric  ncid,  the  I 
product  will  contain,  when  rectified,  65  orC6  percent,  ofrcvl 
acetic  acid  ;  and  it  may  be  further  strengthened  by  allowing 
it  to  congcn!  nt  a  low  tempernlurc.  The  congealed  portion, 
wheu  drained  from  the  fluid,  and  melted,  will  be  found  in- 
creased in  acidity  to  upwards  of  80  per  cent. 

The  sulphate  of  sodn  may  be  washed  out  of  the  retort  wi'lb 
a  little  warm  wnter,  and  used  again  for  dccomposuig  a  siuiilar 
quantity  of  ticctatc  of  lead  or  ncclulc  of  lime ;  but  if  the  toln- 
tion  contain  much  unconibined  sulphuric  acid,  it  will  be  ad- 
visable to  boil  It  dry,  and  to  bent  the  dry  salt  sufficiently  to 
expel  the  redundant  acid,  before  applying  it  to  eH'ect  a  fmii 
decomposition.     (Ann,  of  Phil.  N.H.  ii,  "23). 

Or,  lastly,  the  crystallized  bin-acetate  of  copper  (disiilW 
verdegris,  sec  p.  !)7),  conlained  in  a  glass  retort,  which  wty 
be  nearly  fdled  wiih  the  salt,  may  be  submitted  to  disliliatiun 
per  se  in  a  sand-heat.  The  acid  that  comes  over  has  a  grcea 
coltfar,  and  rctjuires  to  be  rectified  by  a  second  distillation> 
Its  specific  gravity  dicn  varies  from  1.056  to  1.080.  1^ 
the  products  he  reacrvcd  in  separate  portions,  it  lias  bee" 
observed  by  MM-  Derosne,*  that  those  which  are  ohtainf*' 
towards  ths  close,  though  specifically  lighter  than  the  carlirt 
ones,  are  still  more  powerfully  acid,  assumhig,  as  the  test  w 
their  strength,  the  quantity  of  alkali  nliich  thry  are  capable 

*  Annalet  d«  dumie,  Itiii.  367. 
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of  saturating.  The  last  products,  it  was  found  also,  when 
submitted  to  distillation,  yield  a  liquid  which  has  even  less 
specific  gravity  than  water.  This  liquid  may  be  obtained,  in 
a  still  more  perfect  state,  by  saturating  the  latter  portions  of 
acetic  acid  with  caustic  and  solid  potassa;  the  acetate  of  po- 
tassa  precipitates  ;  and  a  fluid  swims  above  it,  which  may  be 
rectified  by  distillation  at  a  gentle  heat.  It  is  perfectly  limpid ; 
has  a  penetrating  taste ;  is  lighter  than  alcohol ;  evaporates 
rapidly  with  the  production  of  cold  when  poured  upon  the 
hand ;  and  is  highly  inflammable.  It  does  not  redden  litmus. 
Excepting  that  it  is  miscible,  in  any  proportion,  with  water, 
it  has  all  the  qualities  of  ether,  and  like  that  fluid  has  the 
power  of  decomposing  the  uitro-muriate  of  gold.  MM. 
Derosne  have  proposed  for  it  the  name  of  pyro-aceiic  ether. 
Its  production,  they  observe,  is  confined  to  the  latter  stages 
in  the  distillation  of  acetate  of  copper,  and  is  owing,  they  sup- 
pose, not  to  any  modification  of  alcohol,  but  to  changes  in 
the  arrangement  of  the  elements  of  the  salt. 

These  observations  are  confirmed  by  the  subsequent  ones  of 
M.  Mollerat.*  Examining  two  portions  of  acetic  acid,  which 
had  precisely  the  same  sp.  gr.  (viz.  1.063),  he  found  that  the 
one  contained  87  per  cent,  of  real  acid,  and  the  other  only 
41.  The  first  he  is  disposed  to  consider  as  the  strongest  acetic 
acid  that  can  be  procured.  It  may  be  distilled  at  a  very 
moderate  heat  with  great  rapidity,  and  without  entering  into 
ebullition.  To  this  acid,  having  the  sp.  gr.  1 .063  (and  of 
which  100  grains  required  for  saturation  250  of  sub-carbo- 
nate of  soda),  he  gradually  added  water,  and  found,  though 
water  is  lighter  than  the  acid,  yet  that  the  density  of  the  mix- 
ture increased  till  it  became  1 .07U.  From  this  point,  the  ad- 
ditions of  water  occasioned  a  regular  diminution  of  specific 
gravity.  M.  Chencvix  has  since  observed  the  same  anomaly,  in 
the  acid  produced  from  acetate  of  silver. 

Acetic  acid,  thus  prepared,  has  several  remarkable  proper- 
ties. Its  smell  is  extremely  pungent,  and  it  raises  a  blister 
when  applied  to  the  skin  for  a  moderate  length  of  time.  When 
heated  in  a  silver  spoon  over  a  lamp,  its  vapour  may  be  set  on 

— ^ — - —  ^ 

*  AoDftles  de  Cbimta,  Ixviii.  88 ;  or  Nicholson's  Journ.  xxr.  155. 
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fire.    At  the  temperature  of  about  38^  Fahr.  it  becomes  solid 
and  shoots  into  beautiful  crystals,  which  again  liquefy  at  40^. 
Acid  of  sp.  gr.  1.063  crystallizes  even  at  the  temperature  of 
55^  Fahr.  and  does  not  melt  again  till  raised  to  nearly  70^. 
These  crystals  Dr.  Thomson  supposes  to  consist  of  J  atom  of 
acid  +  1  atom  of  water.     (Ann.  of  Phil.  N.S.  ii.  142.)     By 
saturation  with  alkalis  they  appear  to  contain  83  per  cent,  real 
acid,   (Quart.  Journ.  vi.  26.)  which  approaches  nearly  to  an 
atom  of  each.     Such  a  compound  would  require  that  the  acid 
should  contain  84.5  per  cent,  of  real  acetic  acid,  which  does 
not  deviate  much  from  the  experimental  result.    Acetic  acid 
appears  not  to  be  easily  destructible  by  heat;  for  Mr.  Cbeuevix 
transmitted  it  five  times  through  a  red-hot  porcelaui  tube, 
with  the  effect  of  only  a  partial  decomposition. 

Gay  Lussac  and  Thenard,  and  Berzelius,  have  analyzed  ace- 
tic acid ;  the  two  first  by  the  combustion  of  acetate  of  baryta, 
of  known  composition,  with  chlorate  of  potassa ;  and  Berze< 
lius  by  the  combustion  of  the  same  salt,  very  carefully  dried, 
with  peroxide  of  copper.  (Ann.  of  Phil.  iv.  323.)  Their 
results  are  as  follow.  One  hundred  grains  of  acetic  acid 
consist  of 

Carbon.  Oxygen.        Hjdrog^. 
According  to  Gay  Lussac .  .50.224  •  • .  .44.147  • .  •  .5.629 
Berzelius  ..  ,.46.8      ....46.9      ....6.3 

The  proportions  obtained  by  Gay  Lussac  and  Thenard  may 
be  stated  also  as  follows : 

Carbon 50.224 

Oxygen  and   hjjdrogen  in  the  \    .gg., 
same  proportions  as  in  water  J    *^*y*  ^ 

Excess  of  oxygen 2.865 

100. 

The  most  probable  constitution  of  acetic  acid,  derived  fro 
the  analysis  of  its  salts,  is  the  following : 

Carbon 4  atoms   ....  24 48 

Oxygen 3  ditto      ....  24 48 

Hydrogen ....  2  ditto     ....     2 4 

50  100 
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Its  equiTalent,  according  to  this  view  of  its  composition^ 
b  50. 

It  has  already  been  observed  that  the  strength  of  acetic 
acid  is  not  accurately  represented  by  its  specific  gravity,  and 
it  bad  long  been  desirable  to  find  a  test  which  should  express 
its  degree  of  acidity  with  uniform  correctness.    This,  it  is  evi- 
dent, may  be  done  by  determining  the  quantity  of  alkaline  or 
earthy  substances  required  for  its  saturation ;  for  the  stronger 
the  acid,  the  greater  the  quantity  of  any  alkali  or  earth,'  which 
it  will  be  capable  of  neutralizing.     One  hundred  parts  by 
weight  of  real  acetic  acid  are  found  to  neutralize  290  of  crys- 
tallized, =  107.7  parts  of  anhydrous,  carbonate  (or  sub-car- 
bonate) of  soda.     (Vol.  i.  p.  5i3.)     It  is  easy  then,  after  as- 
certaining the  quantity  of  carlxmate  of  soda  wliich  any  speci- 
men of  acetic  acid  is  capable  of  neutralizing,  to  calculate  its 
strength  by  the  rule  of  proportion  ;  or  if  any  other  alkaline 
or  earthy  compound  be  preferred  as  a  test  to  carbonate  of 
soda,  the  scale  of  equivalents  will  at  once  show  how  much 
should  be  employed  of  the  test  which  may  be  substituted. 

In  the  acetomeler  inventctl  by  Messrs.  J.  and  P.  Taylor, 
which  has  been  adopted  by  the  Excise,  for  determining  the 
rate  of  duty  on  vinegar,  hydrate  of  lime  is  employed  to  satu- 
rate the  acid,  and  the  specific  gravity  of  the  resulting  solution 
of  acetate  of  lime  is  made  the  measure  of  the  strength  of  the 
acid.  Vinegar  containing  5  parts  of  real  acid  in  100  parts 
by  weight,  or  saturating  14.5  of  crystals  of  carbonate  of  soda 
(the  kind  called  by  the  London  Vinegar  Makers,  No.  24),  is 
taken  as  a  standard ;  and  when  neutralized  by  hydrate  of  lime, 
an  hydrometer  stands  in  it  at  the  mark  on  the  stem  which 
is  called  praof.  To  keep  the  stem  of  the  instrument  at  the 
same  mark,  when  immersed  in  stronger  acids  saturated  with 
'ime,  it  is  loaded  with  a  series  of  weights,  each  of  which  in- 
dicates 5  i)er  cent,  of  acid  above  proof,  up  to  35,  which  of 
course  contains  5  +  35  =  40  per  cent,  of  real  acetic  acid. 
(Qaart.  Journ.  vi.  255.)  This  is  the  greatest  strength  at 
^hich  the  duly  is  levied  by  the  gallon,  that  on  stronger  acids 
heing  regulated  in  a  diflFerent  manner. 

Acetic  acid  forms  with  the  different  bases,  a  class  of  salts 
called  acetates. 
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Acetate  of  potassa  may  be  prepared  by  saturatiDg  pure  ace- 
tic acid  with  potassa.  As  found  in  the  shops,  it  is  not  crjs- 
tallizcd,  but  occurs  in  a  foliated  form,  which  it  has  assumed 
after  cooling  from  a  state  of  fusion.  It  is  very  dclicjuescent, 
and  extremely  soluble  in  water,  and  soluble  in  twice  its 
weight  of  boiling  alcohol.     It  is  probiibly  constituted  of 


Fotassa 1  atom    iS 

Acetic  acid    . .  1  ditto    50   . 


But  it  is  difficult  to  ubtato  it  entirely  free  from  water,  with- 
out either  expelling  or  decomposing  a  little  of  its  acid  ingre- 
dients. 

Acetate  of  soda  may  bo  formed  by  the  direct  combination 
of  acetic  acid  with  carbonate  of  soda;  or,  it  may  be  prepared 
by  mixing  solutions  of  1  part  acetate  of  lime,  and  2  of  crys- 
tallized sulphate  of  soda,  =  O.a  desiccated;  deciuiting  the 
liciuid  part;  washing  the  precipitate  with  more  water;  and 
evoporating  the  washings  to  a  proper  consistency  for  crystal- 
lization. To  obtain  good  crystals,  n  slight  excess  of  alkali 
is  necessary.  Tluse  crystals  nrepormnnciit  when  expostd  to 
air,  require  for  solution  between  twice  and  three  times  tlieir 
weight  of  water  at  60° ;  and  are  soluble  to  a  considerable  ex- 
tent in  boiling  alcohol.  This  salt  may  be  heated  to  abont 
550°,  with  the  loss  only  of  its  water  of  crystallization;  but  at 
a  higher  temperature  its  acid  ingredient  is  decomposed. 
(Thomson,  Ann.  of  Phil.  N.S.  ii.  113.)  It  consists,  according 
to  Bei'zelius,  of 

Acetic  acid 36.95 

Soda 22.94< 

Water 40.11 

100. 
Or,  exclusively  of  water,  of 

Acid 61.689   100. 

Soda 38.311    62.1 

100. 
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Its  theofetical  constitation  is 

Acid  ••••  1  atom....  SO   .••...  60.98 
Soda  • .  •  •  1  ditto  ....  32   39.02 


82  100. 

The  crystals  appear  to  consist  of  I  atom  of  anhydrous  salt 
=  82,  +  6  atoms  of  water  =  54,  together  136. 

Acetate  of  ammonia  derives  its  chief  importance  from  having 
been  long  employed  in  medicine  as  a  febrifuge,  under  the  name 
of  Mindererus's  Spirit.  It  is  difficult  to  obtain  it  in  crystals ; 
but  its  solution,  by  very  gentle  evaporation,  may  be  made 
to  deposit  small  needles.  It  is  volatile  at  250^  Fahr.  and 
condenses  in  long  slender  flattened  crystals.  From  theory  it 
should  consist  of  100  acid  +  34  base,  or  75  +  25;  but  these 
proportions  do  not  agree  with  the  experimental  result  of 
Wenzel,  which  gave  62.45  acid  +  37.55  base;  nor  with  those 
of  Richter,  viz.  68.77  acid  +  31.23  base. 

Acetate  of  lime  may,  by  careful  evaporation,  be  obtained  in 
mall  silky  crystals.  It  is  permanent  in  the'air,  and  very  soluble 
both  in  water  and  alcohol.  It  is  difficult  to  render  it  so  dry, 
as  to  yield  by  analysis  more  than  33.5  or  34  parts  of  base  from 
100  of  the  salt;  but  Berzelius  states  its  composition  to  be 

Acetic  acid 64.218    100. 

Lime 35.782    55.74 


100. 

The  proportions  deducible  from  the  atomic  weights  of  its 
elements  are 

Acetic  acid  • .  1  atom  •  •  • .  50   ....  64.1 
Lime 28    ....  35.9 


78  100. 

An  impure  acetate  of  lime,  prepared  with  pyroligneous  acid| 
is  very  extensively  used  in  the  preparation  of  acetate  of  alu* 
mina  for  the  use  of  dyers  and  calico  printers,  and  of  vinegar 
makers. 

Acetate  of  baryta  is  a  crystallizable  salt,  which  does  not 
grow  moist}  but  rather  loses  a  portion  of  its  water^  by  expo* 
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sure  to  the  nir.  It  requires  for  solution  about  twelve  parti  of 
cold,  and  not  quite  two  parts  of  boiling  water.  Alcohol  dis- 
solves only  a  very  small  proportion.  By  distillation  per  se 
Mr.  Cbenevix  finds  that  it  gives  pure  pyro-acetic  ether,  of  die 
specific  gravity,  0.845,  coloured  by  a  little  empyreumatic  oiL 
Gay  Lussac  and  Thenard  stale  its  composition  to  be 

Acetic  acid 43.17 

Baryta 56.83 

100. 
Its  atomic  constitution,  however,  should  be 

Acetic  acid  ....  1  atom    «...  50    ....  39.07 
Baryta 1  ditto    ....  78    ....  60.93 


128  100. 

Acetate  of  strontia  is  more  soluble  than  the  last  mentioned 
acetate,  requiring  only  about  twice  its  weight  of  cold  water 
for  solution.  Its  pro})erties  have  not  been  fiilly  investigated. 
It  probably  consists  of  48.08  acid  +  51.92  base. 

Acetate  of  magnesia  cannot  be  obtained  in  crystals,  but  only 
in  the  state  of  a  thick  viscid  mass,  which  is  extremely  deli- 
quescent, and  soluble  both  in  water  and  alcohol. 

Acetate  of  alumina  is  generally  formeil,  by  double  decom- 
position, from  the  mixed  solutions  of  acetate  of  lead  or  lime 
and  sulphate  of  alumina.  It  is  a  compound  of  consider- 
able importance  from  its  use  in  dyeing  and  calico-printing. 
'When  applied,  however,  to  these  purposes,  it  contains  always 
a  considerable  quantity  of  alum.  The  properties  of  the  pure 
combination  of  alumina  with  acetous  acid  arc  but  imperfectly 
known,  but  it  seems  probable  that  it  is  a  hia-acetate.  Gay 
Lussac*  has  found  that  it  has  the  remarkable  quality  of  being 
decomposed  by  heat  and  of  depositing  alumina,  which  it 
re-dissolves  on  cooling.  The  effect  takes  place,  even  in 
vessels  hermetically  sealed,  and  when  the  solution  has  an  ex- 
cess of  acid,  and  seems  to  bear  some  analogy  to  the  coagula- 
tion of  animal  albumen. 


•  74  Ann.  de  Cbim,  93 ;  Hnd  6  Ann.  deCliim,  ct  Phjrs.  201. 
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All  the  meiaUic  acetates  that  are  of  any  importance  have 
been  already  described  in  the  history  of  the  individual  metals. 
To  our  knowledge  of  the  properties  general  to  this  class  of 
saltSi  some  valiiid>Ie  additions  were  made  by  Mr.  Chencvix.* 
By  distilling  per  se  the  different  metallic  acetates,  that  excel- 
lent chemist  found  that  the  salts  with  bases  of  lead,  zinc,  and 
manganese,  yield  a  liquid  lighter  considerably  than  water,  but 
heavier  than  alcohol,  and  containing  only  a  very  small  pro- 
portion of  acid.     This  degree  of  levity  is  owing  to  the  pre- 
sence of  the  peculiar  fluid,  which  Derosne  has  termed  pyro- 
acetic  ether,  but  to  which  Mr.  Chenevix  is  of  opinion,  the  less 
definite  name  of  pyr o-ace/tc  spirit  will  be  better  adapted,  till  we 
obtain  a  more  accurate  knowledge  of  its  nature  and  prc^r- 
ties. 

Of  all  the  metallic  acetates,  that  of  silver  gave  acetic  acid  of 
the  greatest  specific  gravity,  and  of  greatest  power  in  neutra- 
liaog  alkalis.  In  this  respect,  it  exceeded,  by  about  one 
filtti,  an  equal  weight  of  the  acid  distilled  irom  copper.  It 
cootained,  however,  none  of  the  pyro-acetic  spirit  discovered 
in  the  add  from  copper.  The  residuum  in  the  retort  contained, 
in  every  case,  a  proportion  of  charcoal.  When  the  acetates 
of  nlver,  nickel,  copper,  or  lead  were  distilled,  the  metal  was 
ibund  in  a  metallic  state;  but  zinc  and  manganese  were  left 
in  the  state  of  oxides. 

The  pyro-acetic  spiritj  obtained  from  the  acetate  of  lead, 
Hr.  Chenevix  describes  as  perfectly  limpid  and  colourless. 
It  has  a  taste,  which  at  first  is  sharp  and  burning,  but  after- 
wards becomes  cool  and  somewhat  resinous.  Its  smell  resem- 
bles that  of  volatile  oils,  but  it  is  not  easy  to  say  of  which  par- 
ticular one.  Its  specific  gravity,  when  rectified  by  muriate  of 
lime,  is  0.864'.  It  is  very  combustible,  and  leaves  no  sensible 
I'esidue.  Its  boiling  point  is  138^  Fahrenheit.  It  is  miscible 
tQ  all  proportions,  with  water,  with  alcohol,  and  with  all  the 
Volatile  oils,  and,  at  a  temperature  considerably  below  its 
Wiling  point,  with  the  fixed  oils.  When  heated  it  dissolves 
^olphur  and  wax. 

*  Ann.  de  Chim.  vol.  Ixix ;  or  Nicholson's  Journal,  vol.  xxvi. 
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ANIMAL    SCBSTASCBS. 

The  products  of  vegetable  and  of  animal  life,  though  they 
agree  in  many  of  tlieir  external  chnracter^,  and  even  in  some 
of  their  cliemlca!  relations,  present  several  circumstances  of 
distinction,  which,  in  general,  sufBciontly  discriminate  the 
two  classes.  Animal  sithstances  are  the  results  of  still  more 
delicate  processes,  and  of  a  more  refined  organization;  and 
the  balance  of  affinities,  by  which  ihey  exist,  is  disturbed  bjr 
still  ilighlcr  causes.  To  the  three  great  components  of  vege- 
table matter  (oxygen,  hydrogen,  and  carbon)  a  fourth  is,  ia 
animaf  substances,  added,  and  constitutes  a  large  proportion 
of  their  structure.  To  the  nitrogen,  which  they  contain,  are 
owing  some  of  the  most  important  qualities  that  distinguish 
this  class  of  compounds.  Hence  it  is,  that  instead  of  pacsinff 
through  the  vinous  or  acetous  fermentations,  they  arc  pecu- 
liarly prone  lo  undergo  putrefaction;  and  that,  during  litis 
change,  they  yi«ld,  among  other  products,  boili  nitrogen  gaa 
and  ammonia.  When  exposed  to  a  high  temperature,  am- 
monia, cyanogen,  and  their  compounds,  are  also  generated 
in  great  abundance ;  little  or  no  acetic  acid  is  produced ;  and 
the  coal,  which  remains,  diflers  from  vegetable  charcoal,  in 
l)eing  much  less  combustible.  This  general  description,  how- 
ever, though  it  npplies  to  most  individuals  of  the  animal  king> 
dom,  is  not  strictly  true  with  respect  to  all.  Animal  jelly,  fi»r 
example,  is  rendered  sour  by  spontaneous  decomposition,  A 
few  v^etable  substances,  it  may  also  be  added,  gluten  for  in- 
stance, in  consequence  of  containing  azote  as  an  element,  be- 
come at  once  putrid ;  and  furnish  ammonia  when  decompoted 
by  heat. 

In  the  analysis  of  animal  substances,  less  precision  had  till 
latdy  been  attained,  than  in  that  of  mineral  and  vegetable 
products.  It  may  be  considered  as  of  two  diiTereot  kinds. 
By  the  iirat  we  oblaiiL  the  proximate  principles  of  a 
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matter,  or  oertaid  cotnpocmds  which,  we  may  presume,  are 
s^rated  by  the  simple  processes  used  for  their  extraction,  in 
8  state  identical  with  that  in  which  they  exist  in  the  animal 
structure.     Thus,  by  the  long  continued  action  of  hot  wat^  on 
bones,  we  form  a  solution,  which  separates  spontaneously  into 
two  distinct  substances,  fat  and  gelatine;  while  tlie  earthy  in* 
gredients  remain  undissolved.    The  substances,  thus  obtained^ 
ire  not  Tery  numerous ;  and  to  distinguish  them  from  more 
eoloplicated  products  they  may  be  called  proximate  animal 
compofunds.    But,   by  spontaneous  decomposition,  or  by  the 
igencj  of  heat,  we  give  origin  to  a  set  of  bodies  which  had  no 
oistence  in  the  subject  6f  experiment,  the  ultimate  elements 
of  which  are  thus  disunited,  and  are  re-combined  in  a  new 
manner.     Bones,  for  example,  though  they  contain  no  volatile 
alkali,  are  yet  composed,  in  part,  of  its  elements  (nitrogen  attd 
liTdrogen),  which,  at  a  high  temperature,  unite  and  generate 
imiDonia. 

The  method  of  analysis  by  peroxide  of  copper,  so  success-* 
fidly  applied,  by  Gay  Lnssac  and  Thenard,  to  the  products 
cf  the  vegetable  kingdom,  has  been  extcnided  to  animal  sub* 
itances;*  and,  in  the  history  of  each,  the  proportion  of  its 
ultimate  elements  will  be  stated,  chiefly  on  their  authority,  or 
on  that  of  subsequent  analysts.  Animal  substances,  they  ob- 
sene,  contain  much  more  carbon  than  those  derived  from  the 
vegetable  world ;  in  all  of  them,  the  hydrogen  is  in  excess 
with  relation  to  their  oxygen  ;  and  lastly,  the  greater  this  ex- 
cess, the  more  azote  they  contain.  It  is  remarkable,  moreover, 
that  this  azote,  and  the  excess  of  hydrogen,  are  very  nearly  in 
the  proportions  required  to  constitute  ammonia. 

Animal  matters,  then,  such  as  fibrin,  albumen,  gelatine,  &c. 
are  composed  of  charcoal  j  of  hydrogen  ond  oxygen,  in  the 
proportions  required  to  form  water;  and  of  hydrogen  and 
^ttote^  in  the  proportions  necessary  to  constitute  ammonia. 
They  hold,  therefore,  among  animal  matters,  the  same  rank 


*  Ann.  de  Chim.  xcri.  53  ;  and  Berard,  Ann.  de  Chim.  et  Phys.  v.  290, 
vhere  the  process  is  fully  described.  See  also  Mr.  Porrett's  remarks,  Phil, 
Traos.  1815,  p.  225 ;  nod  Dr.  Prout*s  in  tlie  Medico-Chirurg.  Tr;^ns.  viii. 

5sa.  
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that  BUgai'i  guni]  Ugnin,  &c.  possess  among  vegtUable  sul>- 
sUnces.  The  animal  acids,  ngain,  cuiiai»t,  probably,  of  carboii, 
oxygen,  hydrogen,  and  azole,  in  siicb  projiortioof,  that  the 
oxygen  and  azoic  are  in  excess  relatively  lo  the  bydjrogen. 
And  the  animal  oils,  on  the  other  hand,  will  in  all  probability 
be  shown  to  contain  more  hydrogen,  than  is  sufEcicnt  to  con- 
>-ert  llieir  oxygen  into  water,  and  their  axote  into  amniouia. 
Thus  animnl  substances  will  be  divided,  like  vegetable  one»i 
into  three  great  classes,  relatively  to  the  (junntitics  ol"  hydrogen, 
oxygen,  and  azntc,  vvhicli  they  contain. 

in  addition  to  the  four  cicuientary  bodies  already  mcnlioiicd 
a»  conalituting  the  main  ingre<lienls  of  animul  niatur,  other 
elcoientary  substances  are  found  occasionally  in  small  propor- 
tion, such  as  sulphur,  phosphorus,  iron,  and  manganese. 
Some  of  the  salts,  as  phosphate  of  lime,  occur  in  large  ijuaii- 
tily,  and  others,  such  as  muriates  of  soda  and  polassa,  &c.,  arc 
sparingly  diffused  through  n  few  only  of  the  animal  duids. 

The  proximate  niiimiil  eumpuunds  arc  not  very  numerous ; 
the  foUowiug  list  cuniprchending,  perhaps,  the  wliolu  of  tlioae 
which  are  sufticicntly  well  characterized,  and  of  general  oc- 
currence. 

^  1.  Gelatine.  6,  Kesln.  ", 

2.  Albumen.  7.  Sugar. 

3.  Mucus.  8.  Oil. 
4'.  l''ibrin.  9.  Acids. 
5.  Ur«a. 


Animal  JtUy,  or  Gulatine, 

Animal  jelly  is  an  abundant  ingredient,  not  only  oftheflui*^ 
of  the  body,  but  of  tlie  hard  and  solid  parts,  llerzclius,  C** 
deed,  in  his  View  of  Animal  Chemistry,  p.  50,  considers  gel*" 
tine  OS  a  product  of  the  operation  of  boiling ;  and  denies  i*^ 
existence  in  any  one  fluid  of  the  body ;  but  this  opinion  do^ 
not  appear  very  ]irobBblc.  By  longcontinued  boiling  gdilio^ 
mty  be  extracted  fromthe  skin,  mcmbninea,ligamenli,cartilagn« 
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and  eren  from  th«  IxHies.    The  solution,  on  cooling,  forms  a 
tremnlous  and  imperfectly  cohering  mass,  well  known  by  the 
OMoe  cSjeUy  ;  and,  if  the  watery  part  of  this  mass  be  dissi- 
pated by  a  very  gentle  heat,  we  obtain  a  linrd  semi-transparent 
sohstaoce^  which  breaks  with  a  glassy  fracture,  and,  accord- 
ing to  the  source  from  which  it  has  been  obtained,  has  the 
names  of  isinglass,  glue,  portable  soup,  &c.;  all  of  which  are 
nrieties  of  gelatine,  with  small  proportions  of  other  animal 
compounds,  especially  albumen.  M.  D'Arcet  prepares  gelatine 
fiom  bones,  not  by  boiling,  but  by  dissolving  out  the  earthy 
matter  by  steeping  the  bones  in  diluted  muriatic  acid.     The 
gdaline  remains  in  a  solid  state,  preserving  the  form  of  the 
bme^  and  thus  furnishing  a  complete  proof  that  it  existed  iu 
tbe  bone  ready  formed.     To  purify  it  from  small  remains  of 
acid  and  fat,  it  is  plunged  for  an  instant  into  boiling  water, 
then  exposed  to  a  current  of  cold  water,  and  quickly  dried,  in 
whicii  state  it  is  unalterable  by  keeping.*     Isinglass,  however, 
M  the  purest  form  under  which  gelatine  commonly  occurs, 
till  be  best  employed  for  tlie  exhibition  of  its  chemical  pro- 
perties. 

1.  Dry  gelatine,  when  immersed  in  water,  gradually  ab- 
nrbs  it,  swells  considerably,  and  becomes  soft  and  elastic.  At 
common  temperatures,  however,  it  is  not  dissolved ;  all  that 
is  thui  effected  being  the  absorption  of  a  quantity  of  water, 
^bich  it  loses  again  by  a  gentle  heat.  But  in  hot  water  it  dis- 
solves very  slowly,  yet  completely ;  and  ailbrds  a  liquid  which 
agaiu  gelatinates  on  cooling.  These  alternate  solutions  and 
desiccations  may  be  repeated  foranynumber  of  times,  without 
occagjoniug  any  change  in  the  chemical  properties  of  the  gela- 
tine which  is  submitted  to  them. 

The  proportion,  in  which  gelatine  forms  a  solution  capable 
of  concreting  by  cooling,  has  been  determined  by  Dr.  Bostock.f 
One  part  of  dry  gelatine  to  100  parts  of  water  gave  a  solu- 
^)  that  completely  stiffened  by  cooling ;  but  one  part  of 
Rdaiine  to  150  parts  of  water,  produced  a  compound,  which, 
liKHigh  evidently  gelatinous,  did  not  assume  the  concrete 
fi>rm. 


*  Phil.  Mag.  xvii.  17.  f  Nicholson's  Journal,  xi.  and  xiv. 
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9.  Gelatioe  in  a  solid  state  Reems  to  be  absolutely  tnde* 
structible  when  kept  in  a  perfectly  dry  place;  but,  wlien  io 
the  form  of  solution  or  of  jelly,  it  becomes  first  sour,  and  nf- 
terwsrds  putrid.  It  atfords  n  most  convenient  kind  of  nutri- 
ment for  conveyance  to  a  distance,  and  when  evaporated  si  ■ 
very  gentle  heat,  it  is  found  to  retain  much  of  the  peculiir  , 
Savour  of  the  meat  from  which  it  has  been  prepared. 

S.  Gelatine  is  insoluble  in  alcohol,  but  it  is  not  precipitated 
by  that  Hutd,  from  its  watery  solution. 

4.  It  readily  dissolves  in  most  of  the  acidi.     Isinglass,  di»> 
solved  in  common  vinegar  by  the  assistance  of  a  gentle  hcsl, 
forms  a  very  useful  and  adhesive  cement.     Nitric  acid,  even 
when  cold  and  very  dilute,  is  a  powerful  solvent  of  gelatine. 
"When  the  solution  is  evaporated,  the  acid  and  gclaliiic  re-ad     ' 
Upon  each  other;  nitrous  gas  is  disengaged  ;  and,  if  tJie  ton- 
centration  be  not  carried  too  far,  oxnltc  and  malic  acids  am 
obtained  from  the  residuum.     Muriatic  acid  dissolves  gels- 
tine,  and  retains  it  unchanged   in   solution.     If  chlorine  gn 
be  passed  through  a  solution  of  gelatine,  white  filaments  ap- 
pear, which,  when  collected,  are  found  to  be  very  flexible  sbI 
clastic.   They  consist  oFgelatine,  very  little  altered,  and  voRed 
with  muriatic  acid  and  chlorine.     They  are  insipid ;  insolabb 
in  water  and  in  alcohol;  notputresciblc;  and  f^xerla  feeble sc 
tion  on  blue  vegetable  colours,  nlthough  they  contain  a  lafg< 
proportion  of  acid.     Exposed  to  the  nir  during  some  daya,  at 
common  temperatures,  these  filaments  emit  chlorine,  and  slill 
more  abundantly  when  heated.     In  alkaline   solutions  ihcy 
disappear,  and  muriatic  salts  are  (ornicd.* 

But  the  most  remarkable  effect  on  gelatine  is  produceil  liy 
sulplniric  acid,  by  which  Giaconnot  has  discovered  ilinl  il  i' 
converted  into  a  substance  analogous  to  sugar.  Twelve  l*'"'* 
of  powdered  ghic  were  mixed  by  stirring  with  2+  of  eotiwo- 
trnlcd  sulphuric  acid.  In  24  hours,  the  Htjuor  had  not  change*' 
colour;  about  thrice  as  much  water  was  added;  andthewhol* 
Itoiicd  for  five  hours  adding  w.iter  at  intervals  to  snppl/'l* 
waste.  Tlie  sobition  was  saturated  with  chnlk,  filtered,  SB^ 
left  to  evaporate  spoiUuneously,     In  the  course  of  a  week,  (* 

*  Ihcanrd,  Mr'inuiteitrArcucilrii. 


UCr.  I.  SBLATllfB.  $81 

yUU  crjnitali  of  •  very  sveet  taste^  which,  when  washed  in 
veak  alcohol,  presied  in  a  cloth,  re-dbsolved»  and  re^cryHal^v 
lind,  were  tolerably  pure  sugar. 

Thie  sugar  differs  from  cane  sugar  in  being  much  more 
nsdily  crystalliaed.  Jt  is  equal  in  sweetness  to  grape  sugar, 
aad  not  more  soluble  in  water  than  sugar  of  milk.  Its  soli|!> 
tion  does  not  ferment  with  yeast.  When  distilled  at  a  red 
liesty  it  yields  ammonia  among  odier  products. 

Sugar  obtained  from  gelatine  appears  to  be  capable  of  uniting 
vitk  nitric  add  without  decomposition,  and  of  affording  a  pe- 
adiar  crystallizable  compound.  Its  formation  by  sulphuric 
add  seems  to  be  owing  to  the  abstraction,  from  the  gelatine^ 
of  hydrogen  and  nitrogen  in  the  proportions  fit  to  form  am- 
■ODia,  and  probably  in  the  absorption  of  oxygen*  (Ann.  de 
Chim.  et  Phys.  xiii. ;  Quar.  Journ.  ix.  S92.) 

5.  Gelatine  is  soluble  in  pure  liquid  alkalis.  The  solution 
ii  s  brownish  yiscid  substance,  which  has  none  of  the  charae- 
to  of  soap,*  and  is  not  precipitated  by  acids.  The  property 
of  remaining  dissolved  after  adding  acids,  distinguishes  gela* 
tine  from  albumen,  fibrin,  and  other  animal  products;  and 
pomts  out  a  method  of  separating  it  from  them  in  analysis. 
Owing  to  the  solvent  power  of  alkalis,  they  do  not  occasion 
uiy  precipitation  in  acid  solutions  of  gelatine;  but  when 
idded  in  excess,  first  saturate  the  acid,  and  then  dissolve  the 
gdatine. 

6.  Several  of  the  metallic  salts  and  oxides  have  the  property 
^  precipitating  gelatine ;  but  not  so  unequivocally  as  to  be 
tpoi  tests  of  its  presence.  Goulard's  extract  of  lead  (pre- 
pared by  boiling  litharge  in  distilled  vinegar)  effects  no 
^BQge  in  a  solution  of  gelatine.  The  same  may  be  said 
tf  corrosive  sublimate  (bi-chioride  of  mercury).  Nitrate  of 
^ver  and  nitro-muriate  of  tin  produce  a  slight,  and  almost 
^perceptible  opacity.  The  addition  of  nitro-muriate  of 
piA  causes  a  small  quantity  of  a  dense  precipitate,  from  a 
"^^Qtion  containing  -^i^th  of  gelatine,  but  not  from  more  dilute 
solutions. 

7*  One  of  the  most  active  precipitants  of  jelly  is  tan ;  and 

*  Uatchett,  Philosophical  TransaetioM,  {800. 
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a  Tery  convenient  form  of  that  test,  in  which  it  may  be  kept 
without  decomposition,  Dr.  Bostock  finds  to  be  the  extract  of 
rhatonio,  digested  in  hot  water,  and  filtered  after  it  becomes 
cold.  An  infusion  of  1  ounce  of  gall-nuts  in  a  pint  of  water, 
may  also  be  applied  to  the  same  purpose.  When  the  propor- 
tion of  gelatine  to  water  is  so  small,  as  to  compose  only -j^ji^nr^^ 
part  of  the  solution,  a  considerable  precipitate  is  produced  by 
this  infusion.  The  stronger  the  solution  of  jelly,  the  more  co- 
pious is  the  precipitate ;  till  at  length,  when  the  gelatine  is  in 
large  proportion,  a  dense  coagulum  is  formed,  which,  after  being 
dried  in  the  open  air,  becomes  a  hard  substance  with  a  vitre- 
ous fracture.  This  compound  appears  to  be  equally  formed, 
when  animal  solids,  composed  chiefly  of  gelatine,  are  im- 
mersed in  solutions  of  tan ;  as  when  the  skins  of  animals,  for 
instance,  are  steeped  in  an  infusion  of  oak  bark.  It  is  per- 
fectly insoluble  in  water,  and  incapable  of  putrefying;  and  it 
constitutes  the  preservative  part  of  tanned  leather,  to  which  it 
imparts  the  property  of  resisting  the  transmission  of  moisture. 
The  operation  of  tanning,  then,  consists  essentially  in  the  at- 
traction of  tan,  from  liquors  which  contain  it,  by  the  gelatine 
of  the  skins. 

It  would  have  been  an  important  step  towards  the  accuracy 
of  the  analysis  of  animal  substances,  if  we  could  have  ascer- 
tained the  quantity  of  gelatine  in  any  fluid,  by  precipitating 
it  with  tan.  But  to  this  there  are  two  obstacles :  Istly,  That 
tan  acts,  also,  on  other  animal  fluids;  upon  albumen  for  in- 
stance ;  and  2dly,  That  into  the  precipitate  of  tan  and  jelly, 
these  substances  do  not  enter  in  proportions  uniformly  the 
same.  In  general,  however.  Dr.  Bostock  has  been  led  to  con- 
clude that  the  compound,  formeil  by  the  union  of  jelly  and 
tan,  consists  on  an  average  of  somewhat  less  than  two  parts  of 
tan  to  three  of  gelatine.  And  as  we  always  have  it  in  our 
power  to  ascertain  what  quantity  of  tan  is  employed  in  preci- 
pitating any  solution  of  jelly,  we  may,  by  an  easy  calculation, 
approximate  the  quantity  of  jelly  contained  in  the  fluid  we 
are  examining.  ^ 

8.  Gelatine  has  been  analyzed  by  Gay  Lussac  and  Thenord, 
who  employed  the  chlorate  of  potassa  for  its  decomposition. 
One  himdred  parts  were  found  to  c;>ntain 
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Carbon 47.881 

Oxygen 27.207 

Hydrogen 7.914 

Azote 16.998 


100. 

The  atomic  proportions,  most  nearly  approaching  to  these 
Rults.  are 


reftults^  are 


Carbon 15  atoms 90  50.00 

Oxygen 6  ditto    48  26.67 

Hydrogen  •  •  •  •  14  ditto    14  7.78 

Azote 2  ditto    28  15.55 


180  100. 

« 

We  are  not  acquainted  with  those  circumstances  that  oc- 
casion the  differences  in  the  several  kinds  of  animal  gelatine. 
Some  valuable  remarks  on  them  may  be  found  in  Mr. 
Hatchett*s  *^  Observations  on  the  component  Parts  of  Animal 
Membrane ;  "*  and  an  account  of  the  methods  of  making 
itinglass,  glue,  &c.,  may  be  consulted  in  Johnson's  History 
of  Animal  Chemistry,  i.  311. 


SECTION  II. 

With  the  exception  of  gelatine,  no  fluid  appears  to  enter 
so  largely  into  the  composition  of  animal  substances  as  al- 
bumen. It  forms  a  large  proportion  of  the  blood  and  of  va- 
rious secretions ;  and  appears  to  be  the  chief  basis  of  several 
of  the  solids ;  viz,  of  the  thin  membrane  which  constitutes 
the  cellular  texture,  as  well  as  of  the  skin,  glands,  and  vessels 
tliat  convey  the  fluids. 

The  white  of  an  egg,  though  not  composed  of  absolutely 
pure  albumen,  contains  it  sufficiently  free  from  other  sub- 


*  Philosophical  Trausoctioas,  1800. 
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Stances  for  tho  cKhibition  of  ita  properties.  ThfiK  will  be  tbaild 
to  be  the  following : 

1.  By  agitation  with  water,  tlic  two  fluids  unite,  and  fbnn 
a  viscid  liquid,  the  component  parts  of  which  do  not  separate 
by  stnndiug.  This  solution  gives  a  green  tinge  to  some  t»- 
getiible  blue  colours;  a  proof  of  tlic  presence  of  uucombincd 
alkali. 

2.  At  the  temperature  of  160°  Fahreiilieil,  undiluted  al- 
bumen becomes  solid,  a  change  which  is  called  its  cooguh- 
lioit.  When  the  solid  mass  is  cut  into  slices,  and  sufllercd  lo 
remain  Ibrsome  hours,  o  few  drops  of  a  brownish  viscid  fluid 
ooze  out,  amounting  to  alx>ut  *!;  grains  from  100  of  the 
nlbuiiien  originally  submitted  to  experiment.  By  a  long  con- 
tinued gcnllc  heat,  the  coagulated  substance  iuelf  los«  at 
least  Ibur-fiflhs  of  ils  weight;  nod  the  solid  matter  is  left  be- 
hind, in  the  form  of  a  hard  brittle  transparent  substancft 
Hence  it  will  follow,  that  100  grains  of  the  white  of  qfK 
consist  of  80  grains  of  water,  *1  uncoagulable  mutter,  sad 
only  151  of  pure  albumen.  At  a  temperature  consi(le«bl| 
below  that  required  for  ils  coagulation.  Dr.  Bostock  finds  ihW 
it  may  be  dried,  and  is  tlicn  capublc  of  being  rcciis^olvcil  in 
water.* 

Coagulation  by  heat  is  the  distlnguisliing  character  of  al- 
bumen, and  affords  an  cnsy  and  obvious  test  of  its  presenw; 
even  when  it  forms  a  very  minute  proportion  of  ctTtain  fluid*- 
By  adding  it,  in  gradually  diminished  (juantiiy,  to  water,  Dr- 
Bostock  Ibund  chat  a  solution,  containing  only  f-rh-^  its  wciglit 
of  albumen,  was  rendered  perceptibly  opaque  by  a  boiling 
temperature.  Fur  all  practical  purposes,  therefore,  this  m»y 
be  considered  as  a  sufhciently  accurate  test  of  its  presence  <■' 
any  fluid. 

The  uncoagulaled  part  of  the  white  of  egg,  Dr.  Ifeioc'' 
■scertained,  was  not  aflected  by  solution  of  bi-ciiloride  of  roe*" 
cury,  or  by  infusion  of  galls ;  but  was  copiously  precipitated  tf^ 
sub-aectate  of  lead  or  Goulard's  extract.  He  considers  itM  ' 
pecaliar  fluid,  lo  which  he  has  given  the  name  afmuaii.    Dv^' 


'  Meaico-Cliir.  Traos.  ii.  169. 


Maroet,  who  finds  It  to  be  an  ingredient  of  several  morbid 
fluids,  has  proposed  to  call  it  muco^exlraciive  matter,* 

Albumen,  which  has  been  coagulated  by  heat,  though  per- 
fisctiy  insoluble  in  water,  unless  by  long  boiling  aided  by  a 
Papin's  digester,  appears  to  have  undergone  no  change  as  to 
its  chemical  constitution.  During  coagulation,  there  is  no 
absorption  of  oxygen  ;  no  gas  is  extricated ;  and  henoe  there 
appears  to  be  no  re-action  of  the  principles  of  the  compound 
on  each  other.  The  coagulum  is  taken  up  by  liquid  caustic 
alkalis  with  a  disengagement  of  ammonia.  From-  this  com-? 
bination  it  is  precipitated,  unchanged,  by  acids. f  By  long 
boiling  in  water,  however,  though  no  apparent  solution  takes 
place,  Mr.  Brande  obtained,  from  coagulated  albumen,  a 
floid  which  had  alkaline  properties ;  and  which  gave^  after 
evaporation,  a  viscid  substance  soluble  in  water.  This  fluid 
he  apprehends  to  be  a  dilute  solution  of  albumen  in  alkali.!]: 

d.  Albumen  is  coagulated  by  alcohol,  and  by  acids.  The 
ooagnlum,  formed  by  the  latter,  always  retains  in  combina-* 
tion,  according  to  Thenard,  a  portion  of  the  acid  which  has 
been  employed.  That  produced  by  nitric  acid  is  least  solu* 
ble ;  and  hence  nitric  acid  occasions  a  precipitate  from  solu- 
tions of  albumen,  which  are  so  dilute  as  not  to  be  afiected  by 
other  acids.  The  coagulum,  produced  by  acids,  is  re-dis^ 
solved  by  pure  alkalis,  even,  as  Thenard  finds,  by  ammonia, 
which  does  not  dissolve  albumen  that  has  been  coagulated  by 
heat 

Alum,  probably  in  consequence  of  its  excess  of  acid,  co^ 
agulates  albumen ;  but  does  not  act  on  very  dilute  solutions. 
One  part  in  500  of  water  is  rendered  slightly  turbid  by  a  so- 
lution of  alum;  but  no  precipitate  is  formed. 

4.  Tlie  triple  prussiate,  or  ferro-cyanate,  of  potassa,  is  an 
extremely  delicate  test  of  the  presence  of  albumen,  and  may 
be  used  to  discover  it  in  fluids  to  which  other  tests  are  inap- 
plicable.    To  enable  it,  however,  to  produce  a  precipitate,  a 


♦  MedicoCbir.  Trans,  ii.  377. 

f  Thenard^  Annales  de  Chimie,  Ixvii.  391. 

t  Philosophical  Tnuuactionf,  1809. 
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very  slight  excess  of  acetic  acid  should  be  previously  added 
to  the  liquid  suspected  to  contain  albumen,  or  to  the  teat. 

5.  Albumen  is  coagulated  by  several  of  the  metallic  salts. 
Solution  of  bi-chloride  of  mercury,  which  has  no  eflect  on  ge* 
latine  or  mucus,  is  a  delicate  test  of  the  presence  of  albumen. 
A  single  drop  of  the  solution,  added  to  a  liquor  containing 
Yj^  its  weight  of  albumen,  renders  it  visibly  milky ;  and,  at 
the  end  of  some  hours,  a  flocculcnt  precipitate  falls  to  the  bot« 
tom  of  the  vessel.  The  same  re-agent  produces  a  sensible 
effect  on  a  liquid,  containing  only  half  that  quantity,  or  -t^Vt 
of  albumen. 

Solution  of  corrosive  sublimate^  however,  does  not  separate 
the  whole  of  the  albumen,  unless  heat  is  employed.  Tlie 
precipitate  in  that  case  is  a  compound  of  the  metallic  salt  with 
albumen,  in  the  proportion  of  about  one  of  the  former  to  three 
or  four  of  the  latter.  From  the  quantity  of  corrosive  subli* 
mate,  therefore,  required  completely  to  decompose  a  solution 
of  albumen,  we  may  infer  the  quantity  of  the  latter;  for  throe 
grains  of  the  metallic  salt,  being  entirely  decomposed,  indicate 
10-^  grains  of  albumen. 

Nitro-muriatc  of  tin  precipitates  albumen,  but  less  actively 
than  the  foregoing  salt.  Water,  holding  y^  of  albumen, 
was  not  altered  by  this  test,  till  after  some  hours,  when  it 
became  milky.  Nitrate  of  silver  occasions  a  precipitate ;  but 
the  effect  is  equivocal,  from  its  precipitating,  also,  the  muriate 
of  8oda.  Nitro-muriate  of  gold  throws  down  a  dense  preci* 
pitate  from  a  solution  containing  .^iW  of  albumen.  Goulard's 
extract  occasions  an  abundant  dense  coagulum. 

6.  Solutions  of  albumen  are  decom|>osed  by  the  addition  of 
Ian.  When  an  infusion  of  galls,  containing  2;-  parts  of  solid 
extract  in  100,  is  added  to  a  liquor,  of  which  albumen  forms 
^n'y  -njVo  pa>*t,  no  immediate  effect  is  apparent ;  but,  after 
some  time,  a  precipitate  ensues.  If  infusion  of  tan  be  poured 
into  a  concentrated  solution  of  albumen,  the  precipitate  has 
the  consistence  of  pitch;  is  not  susceptible  of  putrefaction; 
and,  when  dry,  is  brittle  like  over-tanned  leather.  The  pre- 
cipitate by  tan  from  diluted  albumen.  Dr.  Bostock  observes, 
is  not  coherent,  subsides  very  slowly,  and  can  scarcely  be  se- 
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parated  by  a  filtre ;  whereas  the  precipitate  from  solution  of 
jelly  of  the  same  strength  is  a  bard  dense  substance,  which 
almost  immediately  separates  from  the  fluid,  and  may  be  col- 
lected in  a  distinct  mass,  the  parts  of  which  cohere  together. 

7*  Albumen,  in  whatever  way  it  has  been  coagulated,  ap-» 
pears  to  be  slow  hi  undergoing  putrefaction.  Mr.  Hatchett 
kept  it  for  some  weeks  under  water,  without  its  showing  any 
tendency  to  pass  to  that  state.  According  to  Scbeele,  a  small 
portion  of  coagulated  albumen  is  soluble  in  diluted  acids,  and 
precipitable  by  the  same  acids  when  concentrated.  By  steep* 
ing  albumen,  for  a  month,  in  diluted  nitric  acid,  Mr.  Hatchett 
converted  it  into  a  substance,  which  was  soluble  in  water,  and 
aflected  chemical  tests  like  gelatine. 

7.  Albumen  almost  always  contains  a  portion  of  sulphur  in 
intimate  combination,  which  gives  it  the  property  of  blackcm- 
ing  silver.  This  effect  is  often  observed  to  be  produced  by 
eggs  on  spoons  of  that  metal ;  and  blood,  evaporated  in  silver 
▼essels,  stains  them  with  sulphuret  of  silver. 

Many  theories  have  been  formed  of  the  cause  of  the  co^ 
agnlation  of  albumen;  but  the  first  probable  conjecture  on 
the  subject  appears  to  have  originated  with  Dr.  Thomson.  *" 
The  fluidity  of  albumen  he  supposed  to  depend  on  the  pre- 
sence of  alkaline  matter,  and  its  coagulation  on  the  removal 
of  the  alkali,  or  its  saturation  with  some  other  substance. 
This  suggestion  was  confirmed  by  some  well  devised  experi- 
ments of  Mr.  Braudct  When  the  white  of  an  egg  was  ex- 
posed to  the  action  of  a  galvanic  battery,  a  rapid  and  abun- 
dant coagulation  took  place  round  the  negative  pole,  while  a 
thin  film  only  collected  at  the  positive  wire.  This  more  co- 
pious precipitation  at  the  negative  pole  appears  to  have  been 
owing  to  the  separation  of  alkali ;  and  as  it  required,  in  order 
to  produce  the  effect,  a  comparatively  high  electrical  power, 
it  should  follow  that  ihc  rapid  abstraction  of  alkali  is  necessary 
to  the  perfect  coagulation  of  albumen. 

Albuminous  fluids,  then,  are  compounds  of  albumen  with 
alkali  and  water.  When  heat  is  applied,  the  alkali  is  trans- 
ferred to  the  wat^r,  and  the  albumen  becomes  insoluble.  The 
alkaline  liquor,  which  is  thus  produced,  re-acts  upon  and  dis- 


*  System  of  Chonistiy,  v.  489.        t  Philosopbical  Transactions,  1809. 
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uoiveB  a  small  quantity  of  coagulated  albumea.  Whm  alcohol 
or  acids  are  the  coagulating  powers,  the  effdd  is  owing  to  a 
like  transfer  of  alkali. 

When  the  uncoagulable  part  of  white  of  ^;g  was  exposed 
to  a  strong  galvanic  power,  uncombined  soda  was  found  in 
the  negative  cup ;  and  muriatic  acid  with  a  little  coagulated 
albumen  in  the  positive  one.  Hence  fluid  albumen  contapu 
both  free  soda  and  muriate  of  soda.  In  the  experiments  of 
Mr.  Hatchett,  500  grains  of  dry  albumen  a0brded  7H  ^f 
coal,  of  which  11-^  were  saline  matter,  composed,  besides  the 
salts  that  have  been  mentioned,  of  phosphate  of  lime  and  of 
phosphate  and  carbonate  of  soda. 

From  the  researches  of  Mr.  Brande  it  appears  that  gal- 
vanism may  l)e  applied  to  the  discovery  of  very  minute  quan- 
tities of  albumen,  which  are  not  rendered  sensible  by  any 
other  test.  In  this  way,  he  produced  a  rapid  coagulation,  at 
the  negative  pole,  in  several  animal  fluids,  in  which  albumen 
had  not  been  supposed  to  exist.  It  has  been  ascertained, 
also,  by  Sir  £.  Home,  that  albumen  is  coagulated  by  galvanic 
arrangements  of  too  low  a  power  to  afiect  even  tlie  most 
delicate  electrometer ;  and  hence  he  has  proposed  albuminous 
fluids  as  tests  of  the  presence  of  small  quantities  of  electricity.* 

Albumen  was  found  by  Gay  Lussac  and  Thenard,  to  con* 
sist  of 

Carbon 52.883 

Oxygen 23.872 

Hydrogen 7*540 

Azote 15.705 


100. 

The  nearest  atomic  approximation  of  the  above  proportions, 
is  the  following : 

Carbon 17  atoms 102  ......  53.40 

Oxygen 6  ditto    48  25.13 

Hydrogen  •••  13  ditto    •••.«.     13  ......     6.80 

Nitrogen ....     2  ditto    28  14.67 

191  100. 

Pbi|o8ophlcal  Transactions;  1809. 
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It  ifaofold  appear,  then^  that  albumen  contains  two  atoms 
more  ofcarboOy  and  one  less  of  hydrogen,  than  are  present  in 
gdfttine.  Dr«  Plt>nt,  however,  who  has  analyzed  albumen 
vith  great  care^  and  has  made  many  interesting  observations 
OD  its  formation  by  the  process  of  animal  digestion  (Ann.  of 
Phil,  xiii.),  found  it  to  be  constituted  as  follows : 

Carbon 15  atoms 90   50.00 

Oxygen 6  ditto    48    26.67 

Hydr<^;en  • . . .  14  ditto    14   7.78 

A2ote 3  ditto    28    15.55 


180  100. 

Bat  this,  it  may  be  observed,  is  precisely  the  composition  of 
gelatine,  deducible  from  Gay  Lussac  and  Thenard's  analysis* 
Eilher,  therefore,  the  analytical  results  must  be  erroneous  in 
lit  or  both  coses ;  or,  the  difference  between  albumen  and 
gelatine  must  consist  entirely  in  the  grouping  or  arrangement 
if  dements  similar  as  to  kind  and  number. 

Besides  perfectly  formed  albumen,  Dr.  Prout  has  noticed 
I  laid  approaching  it  in  characters,  to  which  he  has  given 
&e  name  of  incipient  albumen.  It  appears  to  be  that  substance 
not  completely  elaborated,  but  requiring  a  further  change  by 
the  processes  of  digestion  and  assimilation.  (Ann.  of  Phil, 
w.  25,  274.) 


SECTION  ni. 

Mucus. 

The  term  mucus  had  been  employed  in  a  vague  and  gene- 
^^  sense,  until  Mr.  Hatchett,  in  his  valuable  paper  on  the 
^^poncnt  parts  of  animal  membrane,*  attempted  to  assign 
^  it  a  more  definite  meaning.  Jelly  and  mucus  he  considers 
^  modifications  of  the  same  substance,  and  as  not  essentially 
differing  from  each  other.     The  latter  term  he  restricts  to 

•  Phil.  Trans.  1800. 
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that  animal  substance,  which  is  soluble  in  cold  irater,  and 
which  cannot  be  brought  to  assume  the  gelatinous  state.  Dr. 
Bostock,  however,  has  endeavoured  to  prove  tliat  mucus  is  a 
distinct  fluid,  characterized  by  a  train  of  properties^  which 
are  entirely  diftercnt  from  those  of  animal  gelatine.*  Four- 
croy  and  Vauquelin  have  admitted,  also,  its  claim  to  be  con* 
sidcred  as  a  peculiar  compound.f  'rhey  apply  the  term,  in 
an  enlarged  sense,  to  tiie  viscid  liquid,  which  lubricates  tiie 
mouth,  the  oesophagus,  the  stomach,  the  intestines,  and,  in 
general,  all  the  cavities  and  passages  of  tlie  body.  It  diflR^rs, 
they  suppose,  from  vegetable  gum,  in  nothing  but  in  con- 
taining a  proportion  of  nitrogen.  In  the  descriptions  of  its 
characters,  however,  they  are  mucli  less  precise  than  either 
of  the  English  chemists.  Berzelius,  on  the  other  hand,  seems 
scarcely  to  admit  that  any  fluid  exists,  which  is  entitled  to  the 
general  name  of  mucus  ;  and  finds  that  its  chemical  characters 
vary  in  difierent  parts  of  the  body,  according  to  the  purposes 
which  it  is  intended  to  fulfil  in  the  animal  economy.:): 

The  substance  on  which  Dr.  Bostock's  ex]>erinients  were 
made,  was  the  saliva  of  tlie  mouth,  dissolved  in  water  by  agita- 
tion. No  appearance  of  coagulation  was  produced  by  raising 
the  temperature  of  this  liquid  to  212^,  nor,  when  the  liquid 
was  evaporated,  and  suffered  to  cool,  did  it  show  any  tendency 
to  gelatinate. 

No  distinct  effect  was  produced  on  the  solution  of  mucus, 
by  adding  nitro-muriate  of  tin,  bi-chloride  of  mercury,  or  in- 
fusion of  galls.  Sub-acetate  of  lead  (Goulard's  extract)  occa« 
sioned  an  immediate  opacity,  and,  after  some  time,  a  flaky  pre- 
cipitate. Hence  the  effects,  produced  by  the  tanning  principle 
and  by  Goulard's  extract,  establish  a  decided  and  essential 
difference  between  mucus  and  gelatine.  Tan  is  a  most  deli- 
cate test  of  gelatine ;  but  does  not,  in  any  degree,  affect  mucus. 
Goulard,  again,  is  a  sensible  test  of  mucus,  but  not  of  jelly. 
Corrosive  sublimate,  and  triple  prussiate  of  potassa,  on  the 
contrary,  which  discover  very  small  proportions  of  albumen, 
are  not  affected  by  either  jelly  or  mucus. 


•  Nicholson's  Journal,  xi.  and  xiv.        f  Annales  de  Chimie,  Uvii. 
I  View  of  Animal  Gheraistr^,  p.  68. 
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Hitherto,  however,  Dr.  Bostock  has  not  been  able  to  devise 
a  method  of  determining,  exactly,  the  proportion  of  mucus  in 
any  com{K>und  fluid.  One  great  obstacle  to  all  attempts  of 
this  kind  is,  that  mucus^  beside  animal  matter,  appears  always 
to  contain  salt,  which  acts  upon  the  metallic  solutions  used  as 
tests ;  so  that  it  is  impossible  to  say,  how  much  of  the  effect 
in  owing  to  each  of  these  separate  causes.  The  precipitates, 
thrown  down  from  mucus  by  acetate  of  lead  and  nitrate  of 
silver,  Mr.  Brande  has  found  to  consist  both  of  the  muriates 
and  phosphates  of  those  metals.  From  1000  grains  of  saliva, 
Jbe  obtained  by  evaporation  120  grains  of  dry  residuum,  of 
which  20  grains  were  saline  matter.  The  proportion  of  salts, 
in  the  mucus  oFthc  trachea,  was  even  still  greater.  This  var 
riety  of  mucus  was  not  coagulated  either  by  heat,  by  alcohol, 
or  by  acids. 

In  order  to  obtain  mucus  free  from  neutral  salts,  it  oc- 
curred to  Mr.  Brande  to  attempt  their  decomposition  by  elec- 
tricity. With  this  view,  a  mixture  of  saliva  and  water  was 
placed  in  a  vessel  intermediate  between  two  others,  which 
<:untained  water  only  (see  /,  flg.  82),  and  which  were  con- 
nected, the  one  with  the  positive,  the  other  with  the  negative, 
extremity  of  a  galvanic  apparatus.  Fibres  of  cotton  con- 
nected the  central  vessel  with  the  two  others.  In  about  ten 
minutes,  a  considerable  quantity  of  white  coagulum  was 
formed  upon  the  cotton  on  the  negative  side,  but  none  on  the 
positive.  Thus  albumen  appears  to  be  a  constituent  part  of 
saliva,  though  not  discoverable  by  the  usual  tests.  A  separa- 
tion of  alkali  took  place  on  tlie  negative  side;  and  hence  Mr, 
Brande  is  disposed  to  consider  mucus  as  a  compound  of  al- 
bumen and  muriate  of  soda,  or  of  albumen  and  pure  soda. 
The  whole  of  this  subject,  however,  is  still  obscure ;  and  re- 
quires to  be  illustrated  by  farther  experiments. 

When  mucus  is  evaporated  to  dryness  by  a  gentle  heat,  no 
material  change  is  produced  in  it.  The  result  is  a  semi- 
transparent  substance  resembling  gum,  and,  like  it,  soluble 
again  in  cold  water.  Neither  alcohol  nor  ether  dissolve  it. 
By  destructive  distillation,  it  yields  only  the  common  products 
of  animal  matter.  The  proportions  of  its  ultimate  elements 
have  not  yet  been  made  the  subject  of  investigation. 
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Mucus,  as  appears  from  Dr.  Marcel's  experiments,  be»ii 
forming  an  ingredient  uf  Beveral  hcallby  secretions,  exisO  j 
some  inurbid  fluids,  particularly  in  that  eft'used  in  all  ll 
forms  of  dropsy. 


Fibrin,  or  Animal  Gluten. 

Fibrin  fornis  the  basis  of  the  muscular  or  fleshy  pari* 
animals,  and  is  left  combined  with  albumen,  when  nil  the  sotfg 
ble  parts  have  been  wiished  away  by  water.  It  may  alio  I 
dbtaincd  from  blood,  by  laying  the  cosguhim  on -a  iiofl 
strainer,  and  pouring  water  upon  it,  till  a  white  fibrous  moUJ 
alone  remains. 

For  the  puqiosc  of  submitting  fibrin  to  a  scries  of  expa! 
ments,   Mr.  Hatchett  obtained  it  by  digesting  shreds  of  Id 
beef,  during  15  days,  in  water,  which  was  changed  daily,  t 
temperature  being  such  as  not  to  excite  putrefaction.    11 
shreds  of  the  muscle  were  then  boiled  for  five  hours  every  dtjQ 
during  three  weeks,  changing  the  water  at  encli  boiling;  anj^ 
finally,  the  residue  was  put  Into  a  press,  and  dried  by  the  bdC 
of  a  water  bath.  ,| 

The  following  history  of  the  chemical  properties  ofltbriillJ 
derived  chiefly  from  a  memoir  of  Berzellus,  H 

1.  Fibrin  is  insoluble  in  cold  water;  but  water,  after behCI 
boiled  upon  it  for  some  hours,  is  found  to  have  aci)uircd  t 
milky  hue,  and,  on  the  addition  of  infusion  of  tan,  affordt  » 
precipitate  of  white  and  distinct  fiocculi,  which  do  not  coheW 
lilie  those  produced  by  gelatine.  The  liquid,  obtained]  bj 
boiling  fibrin,  does  not  gelatin  ate,  to  whatever  degree  itn«y 
be  concentrated,  but  gives  a  white,  dry,  hard,  .ind  friible 
residue,  which  is  soluble  in  cold  water.  By  long  boiling  lO 
water,  fibrin  loses  its  property  of  softening  and  dissolving  i" 
ucclic  acid. 

2.  Alcohol,  of  the  specific  gravity  .810,  converts  fibrin  intt 
a  kind  of  adipocirous  matter,  which  is  soluble  in  alcohol,  and 
is  precipitated   by  the  addition   of  water.     AVhen   alcohol, 
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vhich  has  been  digested  on  fibrin^  is  evaporated,  a  fatty  re- 
tUne  is  left,  which  did  not  pre-exist  in  the  fibrin.  By  the 
actbn  of  ether,  fibrin  is  converted  into  a  sort  ofadipocirej  simi. 
hrto  the  preceding,  but  in  much  greater  abundnncei  and  dis- 
tbguished  by  a  mucli  more  disagreeable  odour. 

3.  In  concentrated  acetic  acid,  fibrin  immediately  becomes 
loft,  transparent,  and,  with  the  assistance  of  heat,  is  con- 
<rted  into  a  tremulous  jelly.  By  the  addition  of  warm  water, 
4i!  jelly  is  completely  dissolved,  with  the  evolution  of  a  small 
qnntity  of  azotic  gas.  The  solution  is  colourless,  and  of  a 
■nrkbh  and  slightly  acid  taste.  By  sufficient  evaporation 
Ae  gelatinous  substance  is  reproduced,  which,  when  com- 
pletely desiccated,  is  a  transparent'  mass,  insoluble  in  water 
vitboat  the  addition  of  fresh  acetic  acid.  The  solution  gives 
awbite  precipitate  with  triple  prnssiate  of  potassa,  and  with 
fttt  alkali ;  but  a  slight  excess  of  alkali  re-dissolves  it.  Sul- 
(koric,  nitric,  and  muriatic  acids  also  occasion  a  precipitate, 
vUdi  consists  of  fibrin  and  the  acid  that  has  been  employed. 
When  laid  on  a  filter  and  washed,  a  certain  quantity  of  this 
ieid  is  carried  ofFby  the  water,  and  the  remaining  substance 
Bidable  in  pure  water. 

4.  In  weak  muriatic  acid,  fibrin  shrinks,  and  gives  out  a 
little  azotic  gas,  but  scarcely  any  portion  is  dissolved^  even  by 
fcofling.  Concentrated  muriatic  acid,  when  boiled  on  fibrin, 
decomposes  it,  and  produces  a  red  or  violet  coloured  solution. 
^»brin,  that  has  been  digested  with  weak  muriatic  acid,  is 
J^wd  and  shrivelled.  By  repeatedly  washing  with  water,  it  is 
•t length  converted  into  a  gelatinous  mass,  which  is  perfectly 
wluble  in  tepid  water.  The  solution  reddens  litmus  paper, 
wd  yields  a  precipitate  with  acids,  as  well  as  with  alkalis. 

5.  The  action  of  sulphuric  acid  on  muscular  fibre  has  been 
^entively  examined  by  Braconnot.  A  portion  of  beef  in  small 
4feds  was  steeped  in  water,  washed  several  times,  and  pressed 
*'>  separate  every  thing  soluble.  Of  this  fibre,  SO  parts  were 
^ixed  with  an  equal  weight  of  sulphuric  acid^  which  softened 
tnd  dissolved  it,  without  acquiring  colour  or  evolving  sul* 
pboroas  acid.  It  was  gently  heated,  and,  on  cooling,  a  layer 
of  fat  separated  from  the  surface.     It  was  then  diluted  with 
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water,  and  boiled  nine  hours ;  saturated  with  chalk,  filtered, 
and  evaporated.  No  sugar  was  produced,  but  the  extract  had 
a  decided  taste  of  osmazonie.'  It  was  boiled  with  alcohol, 
which,  on  cooling,  deposed  a  peculiar  white  matter^  called  by 
Braconnot  leucine. 

In  order  to  purify  this  new  substance,  it  was  dissolved  in 
water,  and  a  little  tiui  added.  After  some  hours  the  liquor 
was  filtered,  and  evaporated  till  a  pellicle  appeared.  Being 
then  left  to  stand  for  24  hours,  the  bottom  of  the  vessel  was 
covered  with  small  mamillated  crystals  of  a  dull  white  colour, 
feeling  brittle  between  the  teeth,  but  having  an  agreeable  taste 
of  meat. 

Leucine  is  lighter  than  water.  When  heated  in  a  retort,  it 
Dielts,  then  sublimes  in  part,  and  forms  white  opaque  crystals, 
and  an  empyreumatic  and  acid  fluid  distils  over.  By  the  ac- 
tion of  nitric  acid  on  leucine,  a  distinct  compound  appears  to 
be  formed,  which  affords  peculiar  salts  with  the  difierent  bases. 
(Quarterly  Journ.  ix.  S94.) 

6.  Nitric  acid  of  the  specific  gravity  1 .25  disengages  at  first 
azotic  gas  from  fibrin,  pure  and  unmixed  with  nitrous  gas. 
By  continuing  the  digestion  24  hours,  the  fibrin  is  converted 
into  a  pulverulent  mass,  of  a  pale  citron  colour,  which,  when 
placed  on  a  filter  and  washed  with  a  large  quantity  of  water, 
becomes  of  a  deep  orange  colour.  This  yellow  substance  was 
discovered  by  Fourcroy  and  Vauquelin,  who  obtained  it  by 
treating  muscular  flesh  with  nitric  acid^  and  who  gave  it  the 
name  of  yellow  acid.  Berzelius  has  ascertained  that  it  is  a 
combination  of  nitric  and  malic  acids  with  fibrin,  which  is  in 
some  degree  altered  by  the  process. 

7.  In  caustic  fixed  alkali,  fibrin  increases  in  bulk,  and,  at 
length,  is  completely  dissolved.  The  solution  is  yellow  with 
a  shade  of  green ;  and  is  decomposed  by  acids ;  but  the  pre- 
cipitated fibrin  seems  to  have  undergone  some  change,  for  it  is 
not,  as  before,  soluble  in  acetic  acid.  The  compound  of  fibrin 
and  alkali  has  not  any  analogy  with  soap,  which  Fourcroy  as- 
serts that  it  resembles. 

8.  Fibrin  has  been  analyzed  by  Gay  Lussac  and  Thenard, 
and  found  to  consist  of 
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Carbon 53.360 

Oxygen io,ess 

Hydrogen 7.021 

Azote 19.934 


100. 

According  to  these  results,  its  atomic  constitution  is 

Carbon 18  atoms 108 

Oxygen 5  ditto    40 

Hydrogen 14  ditto    14 

Azote 3  ditto    42 

204 

It  contains  then  an  atom  more  of  carbon,  hydrogen,  and 
;  nole,  and  an  atom  less  of  oxygen,  than  enter  into  the  consti- 
tution of  albamen. 


SECTION  V. 

Urea. 

I.  Ukea  may  be  obtained  by  the  following  process:-— 
£vaporate  by  a  very  gentle  hent,  a  portion  of  human  urine, 
Tuided  six  or  eight  hours  after  a  meal,  to  the  consistence  of  a 
tiiick  syrup.  In  tiiis  state  it  concretes,  on  cooling,  into  a 
a]i«tiilline  mass.  Pour  on  this,  at  diiferent  times,  four  times 
its  weight  of  alcohol,  and  apply  a  gentle  heat,  which  will 
efiect  the  solution  of  the  greater  portion.  Decant  the  alco- 
Uic  solution,  and  distil  it  by  a  water  bath,  till  it  acquires  the 
omsibtence  of  syrup,  which  is  to  be  poured  out  of  the  retort. 
Oncuoling,  it  foruis  a  crystallized  substance,  which  is  the 
visa,  not  however  in  a  state  of  complete  purity. 

II.  1.  Urea,  tlius  obtained,  has  the  form  of  crystalline 
i'ates,  crossing  each  other  in  various  directions.  It  has  a  yel- 
lowish white  colour ;  a  smell  somewhat  like  that  of  garlic ;  is 
viscid,  and  difficult  to  cut ;  and  has  an  acrid  strong  taste.  It 
ddiquiates,  when  exposed  to  the  air,  into  a  thick  brown  liquid. 
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It  18  extremely  soluble  in  water,  and  absorbs  caloric  during  §0- 
iulion.  Alcohol  dissolves  it  readiiy,  but  in  leu  proportion 
than  water;  and  the  alcoholic  solution  yields  crystals  more 
readily  than  tlie  watery  one.  Berzelius,  by  processes  which 
he  has  not  described,  obtahied  urea  tjuite  tree  from  colour, 
and  forming  distinct  prismatic  crystals  like  nitre,*  Even  id 
this  state,  lie  observes,  it  is  still  obstinately  combined  with  lactic 
acid,  lactate  of  ammonia,  and  the  peculiar  animal  malter, 
which  always  accompanies  the  lactates.  It  ia  this  aniiml 
matter,  which  gives  the  urine  its  colour. 

Dr.  Prout  was  induced  by  the  observation  of  Bcrzclius  W 
attempt  tho  preparation  of  pure  urea,  and  succeeded  bj  ibo 
following  process. 

Fresh  urine  was  carefully  cvnporatcii  to  the  consistence  of 
ayrup,  and  to  this,  when  quite  cold,  pure  concentrated  nil  tie 
acid  was  added  by  degrees,  till  the  whole  became  a  dark-co- 
loured cr3'stallizcd  mass,  which  was  slightly  washed  with  add 
water  and  suffered  to  drain.  To  this  mass,  a  pretty  strong  w 
lution  of  sub-carbonate  of  potassa  or  soda  was  added,  till  the 
whole  l>ccame  neutral.  The  solution  was  carefully  coiicen* 
ti-iitcd  by  evniioralion,  and  set  osidf,  in  ortlt-r  l!]:il  the  niirc 
might  separate  by  crystailizntinn.  The  liquor  drainc<l  from  . 
these  crystals  was  an  impure  solution  of  urea,  which  was  mixtd' 
with  a  sufficient  quantity  of  animal  cliarconl  to  form  it  into  t 
thin  paste.  To  this,  after  rcinnining  a  few  hours,  water  wn , 
added  to  separate  the  urea,  and  the  colourless  solution  *■* 
evaporated  at  a  very  penile  heat  lo  dryness.  From  thodiy 
mass  boiling  alcohol  separated  the  urea,  and  lift  the  nitre  anJ 
most  of  the  saline  substances  behind,  and  from  the  nlcoholit 
solution  the  urea  was  obtained  pure  by  evaporation  and  ert* . 
stalHzation,  the  solution  in  alcohol  and  crystal  I  izjition  beiog  . 
repeated  if  the  crystals  were  coloured. 

Urea  thus  purified  most  frequently  assumes  the  form  of* 
four-sided  prism.  Its  crystals  arc  transparent  and  colourltA 
snd  have  a  slight  pearly  lustre.  It  leaves  a  scitsniion  of  ooW* 
hcss  on  the  tongue  like  nitre.  Its  smell  is  faint  and  iKcuiiaTi 
but  not  resinous.     It  docs  not  affect  the  colour*  of  litimaa' 

•  VJFw  ofAnimiilChcniiMrT,  Qto.  p.  101.  '    ■ 
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tBmtric,  On  expoiure  to  the  air  it  ilightly  deliqnescet,  but 
doo  not  teem  to  be  decomposed.  At  a  strong  heat  it  nielt«» 
mi  it  partly  decomposed,  and  partly  sublimes  unaltered. 
The  specific  gravity  of  its  crystals  is  about  1 .350.  They  are 
isloblein  an  equal  weight  of  water  at  60^  Fahrenheit,  and  to 
mj  extent  in  boiling  water*  Alcohol  at  60^  Fahrenheiti  dis^ 
«bei  about  -J^b  of  its  weighty  and  at  212^  more  than  its 
vefght. 

i.  The  concentrated  solution  of  urea  in  water  yieldsi  on 
Ae  sddition  of  nitric  acid,  a  copious  precipitate  of  bright 
pttri-coloured  crystals,  resembling  the  boracic  acid.  Oxalic 
■od  produces  the  same  efiect ;  but  in  neither  of  these  com- 
poiiDds  are  the  acids  neutralized.  The  nitrate  of  urea,  Dr. 
Aoot  finds  to  consist  of 

Nitric  acid 47.37  =  1  atom 

Urea •  52.6S  =  2  atoms 


100. 


Ib  some  states  of  disease,  the  urine  abounds  so  much  in  urea, 
I  to  afford  scales  with  nitric  acid.  To  detect  it,  Dr.  Prout 
pAs  a  litde  of  the  morbid  urine  into  a  watch  glass,  and  by  means 
eft  dropping  tube  introduces  a  little  strong  nitric  acid  under 
tt.  If  spontaneous  crystallization  occur,  an  excess  of  urea  is 
Uicated,  and  its  amount  may  be  estimated  by  the  time  re- 
^lUTed  for  its  production,  which  varies  from  a  few  minutes  to 
t»o  or  three  hours. 

9.  The  concentrated  solution  of  impure  urea,  in  water,  is 
LWown  ;  but  becomes  yellow,  when  largely  diluted.     Infusion 
tf  galls  gives  it  a  yellowish  brown  colour,  but  causes  no  pre- 
^itate ;  nor  is  it  precipitated  by  infusion  of  tan. 

4.  When  heat  is  applied  to  urea,  it  melts/^twclls,  and  eva- 
porates, with  an  insufferably  fetid  smell.  By  distillation,  it 
lUds  about  two-thirds  its  weight  of  carbonate  of  ammonia ; 
*oot  one*fourth  of  benzoic  acid ;  besides  carbureted  hydro- 
pQ»  and  a  residuum  composed  of  charcoal  with  muriates  of 
^  and  ammonia. 
5*  The  solution  of  iirea,  in  water,  putrefies,  and  is  slowly 
I  ^^composed ;  but  nnich  more  rapidly,  if  a  little  gelatine  be 
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added.  Ammonia  anJ  acetic  acid  ore  tlie  producw  of  iu  de- 
composition. If  llie  solution,  instead  of  being  left  to  paxnfj, 
be  kept  in  a  boiling  temperature,  and  fresh  water  be  adilnjn 
the  evaporation  rocs  on,  the  nroa  is  at  length  wholly  (iecom- 
posed.  The  condensed  vapour  is  found  to  contain  carbonue 
ofammonia;  acetic  acid  is  formed ;  and  a  portion  of  charcol 
remains  in  the  fluid  contents  of  the  retort.  It  has  been  o««r* 
tained,  by  those  who  distil  the  volatile  alkali  from  urine,  in 
manufactnring  processes,  that  an  cnual  qnantity  of  ammanli 
is  obtained  whether  the  urine  has  iin<Jergone  putrefaction  W 
not. 

6.  When  a  mixture  of  urea,  with  one- fourth  itswciglitol 
diluted  sulphuric  acid  is  distilled,  a  tjuantity  of  nil  ap}>ennaa 
the  surface,  which  concretes  by  cooling;  acetic  acid  paM 
over  into  the  receiver;  and  sulphate  of  ammonia  remains  ij 
the  retort.  The  repetition  of  tins  process  converts  the  wboh 
of  a  portion  of  urea  into  ammonia  and  acetic  acid. 

7.  Nitric  acid  when  heated  acts  rapidly  on  urea;  nitrmm 
azotic,  and  carbonic  acid  gases,  arc  disengaged ;  and  pruaii 
acid  and  ammonia  are  generated.  The  residuum,  mIich  ilrifd 
and  ignited,  detonates  hke  nitrate  of  animoiiiu. 

U.  Muriatic  acid  dissolves  urea  without  alteration.  When 
a  Etream  of  chlorine  gas  is  passed  through  a  solutinn  of  am) 
the  gas  is  rapidly  absorbed;  and  white  flakes  are  tbraic^ 
which  soon  assume  a  brown  colour.  After  the  solution  lut 
become  saturated  with  gas,  the  eiliii-vcsccnce  still  coniinna; 
and  carbonic  acid  and  nitrogen  gases  are  evolveil.  The  n» 
duary  liquid  contains  both  carbonate  and  muriate  of  ammoaii- 

9.  Urea  is  soluble  in  alkaline  solutions ;  .mil,  at  the  siBt 
time,  undergoes  a  partial  decomposition.  A  sirong  smell  (| 
ammonia  arises,  probably  from  the  action  of  the  potassa  ft 
the  muriate  of  tmmonia  which  is  containctl  in  urea.  \Vb(4 
solid  potassa,  however,  is  triturated  with  urea,  tliu  disciig*^ 
ment  of  ammonia  is  too  great  to  be  explained  in  thi>  w*J 
and  can  only  be  accountcti'for,  by  supjjusiiig  the  volatile  »' 
kali  to  be  formed  by  the  union  of  its  elements.  A  strong  f 
lution  of  potassa,  heated  with  urea,  produces  a  similar  effiD^ 
a  large  quantity  of  ammonia  is  generated ;  the  residuom  d 
luted  with  water  effervefces  violently  from  the  escape  of  e* 
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bonic  acid  gas ;  a  flocculent  precipitate  is  formed,  which  has 
the  qualities  of  a  conci*ete  oil ;  and  the  liquor,  when  distilled^ 
gives  both  acetic  and  benzoic  acids. 

10.  Urea  litis  the  property  of  changing  the  form  of  the  crys- 
tals of  muriate  of  soda;  a  solution  of  that  salt,  mixed  with  one 
of  urea,  affording,  on  evaporation,  octohedral  crystals.  Mu- 
riate of  ammonia,  on  the  contrary,  which  usually  crystallizes 
in  octohedrons,  has  the  form  of  its  crystals  altered,  by  similar 
treatment,  to  that  of  cubes. 

Of  all  the  animal  fluids,  urea  appears  most  readily  to  un- 
dergo decomposition,  both  from  spontaneous  changes  in  the  ar- 
rangement of  its  elements,  and  from  the  action  of  other  sub^ 
stances.  From  a  careful  examination  of  the  products  of  its 
distillation  with  oxide  of  copper.  Dr.  Prout  has  given  the  fol- 
lowing as  the  proportions  of  the  elements  of  purified  urea.  One 
hundred  parts  consist  of 

Oxygen 26.66  =  1  atom  or  ±  volume 

Nitrogen 4.6.66  =■■  1  ditto  or  1     ditto 

Carlx)n 1 9.99  =  1  ditto  or  1     ditto 

Hydrogen  ....     6.66  ^  2  ditto  or  2     ditto. 

Deficient 03 

1 00. 

Dr.  Ure  has  also  analyzed  this  substance  (Phil.  Trans. 
}822)f  but  with  results  differing  so  much  from  the  foregoing, 
that  he  is  not  disposed  to  insist  on  their  accuracy  without  fur« 
ther  experiments. 


SECTION  vr. 

Animal  Resins. 

The  properties  of  animal  resins  have  not  been  fully  invcs* 
tigated;  but,  so  far  as  they  have  hitherto  been  examined, 
they  appear  to  differ  considerably  from  those  of  the  vegetable 
kingdom. 

The  RESIN  or  bile  may  be  obtained  by  the  following  pro- 
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em  I — To  83  pi^rtfl  of  recent  ox  bile,  add  one  of  concmtraUd 
fHiiriatic  ficid.  When  the  mixture  has  stood  some  bourSf 
strain  it,  in  order  to  separate  a  white  coagulated  substance. 
Bour  the  filtered  liquors  which  has  a  fine  green  colour,  into 
a  glass  vessel,  and  evaporate  by  a  gentle  heat.  At  a  certain 
point  of  concentration,  a  green  sediment  falls  down,  which, 
after  being  separated  from  the  liquid  part,  and  washed,  affords 
what  has  been  considered  as  resin.  Berzelius,  however  (as 
will  be  more  fully  stated  in  the  section  on  bile),  denies  that  it 

is  a  true  resin. 

1.  Th^  rehiu  of  bile  has  a  dark  brown  colour;  but,  if  spread 
out  fine,  on  a  white  ground,  it  exhibits  a  bright  grass-green* 
It  is  intensely  bitter. 

3.  At  about  122^  it  melts,  and  in  a  high  temperature  burns 
rapidly.  It  is  soluble  both  in  cold  and  hot  water,  and  still 
more  soluble  in  alcohol,  from  which  it  is  in  part  precipitated 
by  water. 

S.  With  pure  alkalis  it  combines^  and  forms  a  compound, 
which  has  been  compared  to  soap.  From  these  it  is  precipi- 
tated unchanged  by  acids. 

4.  When  farther  oxygenized,  by  adding  solution  of  chlorine 
to  bile,  the  resinous  portion  has  its  properties  considerably 
altered ;  it  acquires  the  colour  and  consistence  of  tallow;  melts 
at  104^;  and  dissolves  in  alcohol  and  in  hot  water. 

Besides  this  resin,  there  ore  several  animal  substances  which 
possess  similar  qualities.  Such  are  the  ear-wax,  ambergris, 
castor,  &c. 

Cerumeriy  or  ear-wax^  has  an  orange  yellow  colour  and  a  bitter 
taste.  It  melts  at  a  gentle  heat,  and  sinks  into  paper  like  an 
oil.  It  is  extremely  combustible,  and  burns  away  with  a 
white  smoke,  emitting  an  ammoniacal  odour,  and  leaving  very 
little  charcoal.        ^ 

With  water  it  forms  by  agitation  a  sort  of  emulsion ;  alcohol 
dissolves  5-8ths  of  it,  and  the  remainder  has  the  properties  of 
albumen.  The  alcoholic  solution,  when  evaporated,  leaves 
a  deep  orange  residuum  which  is  very  bitter,  and  resembles 
the  resin  of  bile.  Ether  also  dissolves  cerumen,  but  the  solu- 
tion is  less  highly  coloured  than  that  in  alcohol. 

jimbergris  is  found  floating  on  the  sea  within  the  tropics, 
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sometimes  in  large  masses,  and  its  origin  is  still  matter  of  con- 
jecture. Though  hitherto  arranged  among  animal  resins,  yet 
it  appears  to  consist^  according  to  Pelletier  and  Caventou, 
chiefly  of  a  substance  analogous  to  that  found  by  Chevreul  in 
biliary  calculi,  and  called  by  him,  cliolesierine.  Tp  this  matter, 
as  obtained  from  ambergris,  Pelletier  and  Caveutou  have 
given  the  name  of  ambreine.  It  may  be  extracted  by  digest- 
ing ambergris  in  hot  alcohol  of  sp.  gr.  0.827.  On  cooling, 
the  alcohol  deposits  the  ambreine  in  very  bulimy  irregular 
crystals.  It  softens  at  77^9  melts  at  86^,  and  when  raised  ^ 
little  above  212°  flies  off  in  a  white  smoke.  It  is  not  capable 
of  uniting  with  alkalis  so  as  to  form  soap. 

Ambreine,  by  being  heated  with  nitric  acid,  is  converted 
into  a  peculiar  acid,  to  which  the  name  of  amlreic  acid  has 
been  given.  It  is  yellow  while  in  a  mass,  but  when  spread 
thin  is  almost  white.  It  has  a  peculiar  smell,  and  reddens 
vegetable  blues.  It  is  not  fusible,  even  when  heated  to  212°. 
It  is  very  sparingly  soluble  in  water,  but  dissolves  copiously 
in  alcohol  and  ether.  It  unites  with  potassa,  and  forms  a  salt 
which  gives  a  yellow  precipitate  with  muriates  of  lime  and 
baryta^  sulphates  of  copper  and  silver,  muriates  of  tin  and 
gold,  and  some  other  metallic  salts.  (Ann.  of  Phil,  xvi, 
93.) 

Castor  is  found  in  two  small  bags  in  the  inguinal  regions  of 
the  beaver.  It  is  of  a  yellow  colour,  and  when  fresh  extracted 
nearly  fluid,  but  by  exposure  to  the  air  it  hardens,  and  ac- 
quires a  resinous  appearance.  Its  principal  ingredient  is  a 
resin,  which  appears  to  be  analogous  to  the  res^in  of  bile.  It 
contains  also  carbonates  of  potassa,  lime,  and  ammonia,  muci- 
laginous extractive  matter,  and  a  volatile  oil  on  which  its 
odour  seems  to  depend* 
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SECTION  VII. 

Animal  Sugar, 

Sugar  enters  pretty  largely  into  the  composition  of  milk; 
and  into  the  urine,  when  altered  by  disease.  It  may  be  ob- 
tained from  milk  by  the  following  process: 

I.  Let  whey  be  evaporated  to  the  consistence  of  honey,  and 
allowed  to  cool.  It  concretes  into  a  solid  mass,  which  is  to 
be  dissolved  in  water,  clarified  by  white  of  eggs,  filtered,  and 
again  evaporated  to  the  consistence  of  syrup.  On  cooling,  a 
number  of  brilliant  white  crystals  are  deposited,  which  arc 
the  sugar  of  milk.  The  reader  who  wishes  for  a  fuller  ac- 
count of  the  preparation  of  this  substance,  as  practised  for 
sale  in  some  parts  of  Switzerland,  will  find  it  in  the  1st  vol. 
of  Johnson's  History  of  Animal  Chemistry. 

1.  Sugar  of  milk  has  a  sweetish  taste,  and  no  smell. 

2.  It  requires  for  solution  seven  parts  of  cold  or  four  of 
lioiling  water ;  and  is  insoluble  in  alcohol.  In  these  proper- 
ties it  differs  from  common  sugar,  and  also  in  its  relation  to 
nitric  acid,  which  will  be  afterwards  statecl,  under  the  head 
of  saccholactic  acid. 

3.  When  exposed  to  heat,  this  species  of  sugar  melts  and 
burns  with  the  same  appearances  as  common  sugar,  and  with 
a  similar  smell. 

Gay  Lussac  and  Thenard  have  obtained  by  their  analysis, 
the  following  results,  which  correspond^  almost  exactly,  wiih 
those  of  Berzelius. 

Carbon 38.825 

Oxygen 53.S3'i 

Hydrogen 7.34-1 

100. 

These  proportions  agree  also  with  the  results  of  Dr.  Prout, 
and  are  very  nearly  the  same  as  those  assigned  by  him  to  ve- 
getable sugar.  He  is  inclined,  indeed,  to  think  that  the  pri- 
mary and  simple  saccharine  principle  is  composed  of  equal 
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numbers  of  atoOM  of  each  element,  and  tliat  iu  modifications 
are  to  be  attributed  to  the  influence  of  minntc  quantities  of 
foreign  matter.    (Med.  Chir.  Trans*  viiL  538.) 

JI.  The  urine  of  diabetic  patients  yields  sugar  on  evapora- 
tion, which  approaches  more  nearly  in  its  characters  to  those 
of  TCgetable  sugar,  but  is  generally  said  to  be  incapable  of 
crystallization.     By  exposing  the  solution,  however,  for  some 
time  to  the  air,  and  removing  occasionally  the  scum  whidi 
if  formed,  I  have  obtained  l)eautifiil  white  crystals,  not  inferior 
to  those  of  vegetable  sugar.     Cbevreul  has,   also,   obtained 
limilar  crystals,  which  when  drained,  then  pressed,  and  dis* 
solved  in  hot  alcohol,  gave  a  solution  that  by  slow  evapora- 
tion afforded  perfectly  white  crystals.     In  its  pro])erties,  dia- 
betic sugar  he  found  to  approach  most  nearly  to  the  sugar 
obtained  from  grapes  ;*  and  Dr.  Prout,  by  analysis,  finds  its 
composition  precisely  similar  to  that  of  vegetable  sugar.f 


SECTION  VIH. 
Animal  Oilu 

Animal  oils  differ  from  the  vegetable  oils,  in  being  gene- 
rally, though  not  always,  solid  at  the  temperature  of  the  atmos- 
phere, but  are  similar  to  them  in  other  properties.  Among 
animal  oils,  may  be  ranked  whale  oil,  sperm  oil,  spermaceti, 
butler,  tallow,  lard,  suet,  &c. 

1.  Whale  oil,  or  train  oil,  is  extracted  from  the  blubber 
^f  the  whale,  which  is  originally  a  firm  solid  fat,  but  on  reach- 
ing this  climate,  is  found  to  be  mostly  resolvod  into  a  fluid. 
^0  obtain  the  oil,  the  blubber  is  melted  in  large  copper  vessels, 
under  which  a  fire  is  made.  Beside  the  oil,  a  quantity  of 
^Bter  separates,  and  on  the  surface  there  floats  a  solid  matter 
^led/«iA5,  which  is  probably  coagulated  albumen.  The  more 
Moderate  the  heat,  and  the  shorter  its  duration,  the  paler 
and  better  is  the  oil,  but  this  occasions  a  smaller  quantity  to 
'^produced.     The  deep  colour  is  owing  partly  to  too  great 

•  95  Ann,  de  Chim.  319.  t  Med,  Chir.  Trans,  viii,  537. 
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beat  in  the  boiling,  and  partly  to  blood  and  other  impuritiei 
which  are  unavoidably  mixed  with  it  What  is  extracted  in 
Greenland  is  perfectly  pale  and  limpid,  and  free  from  smell, 
aixl  bums  with  a  much  purer  and  brighter  flame  than  what 
is  made  iu  this  country.  In  the  early  period  of  the  Greenland 
fishery,  the  blubber  was  converted  into  oil  in  those  regions ; 
but  the  scite  of  the  fishery  is  now  so  much  changed,  and  its 
extent  so  much  increased,  as  to  render  this  no  longer  prac« 
ticable.    (Scoresby's  Arctic  Regions.) 

Whale  oil  requires  to  be  kept  in  close  vessels  to  prevent  the 
action  of  the  air,  which  seems  in  time  to  injure  it.  It  is  render- 
ed more  fluid  and  combustible  by  adding  a  little  cold  drawn 
linseed  oil ;  but  it  cannot  be  made  so  fit  for  burning  in  lamps 
as  spermaceti  oil.  Perhaps  the  best  way  of  using  it  will  be 
found  to  be  the  converting  it  into  oil  gas.  (See  vol.  i.  p.  418.) 
For  burning  in  lamps,  it  may  be  deprived  of  its  offensive 
odour  by  several  processes  described  by  Mr.  Dossie  in  the  15th 
vol.  of  the  Phil.  Mag. 

The  specific  gravity  of  whale  oil  is  0.9191.  It  boils  at 
640°,  and  may  be  distilled  over ;  but  its  properties  are  then 
materially  altered,  or  rather  it  becomes  a  new  substance,  its 
specific  gravity  being  diminished  to  0.868,  its  boiling  point 
lowered,  and  its  inflammability  much  increased.  By  long 
continued  heat,  without  being  volatilized,  it  undergoes  changes 
which  have  been  described  in  the  54th  vol.  of  the  Phil.  Mag. 
and  also  by  Dr.  Bostock,  in  the  Ann.  of  Phil.  N.S.  i.  47. 

Dr.  Thomson  analyzed  whale  oil,  and  found  it  to  consist  of 

Carbon  ....  12  atoms . .  72    ....  68.87 

Oxygen 2  ditto    ..  16    ....  16.10 

Hydrogen  ..17  ditto   ..  17    ....  15.08 

105  100.* 

II.  Sperm  oil,  or  Spbrmaceti  oil,  forms  part  of  the  oily 
substance  found  in  the  cranium  of  the  physeior  7nacrocepkalus, 
or^>ermaceti  whale.  The  oil  is  separated  by  putting  the 
nasa  into  a  woollen  bag  and  pressing  it,  by  which  the  oil  is 

*  Syaum  of  Chemistry,  ivt  433. 
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made  to  run  out,  and  the  solid  residue,  when  washed  with  a 
weak  alkaline  ley,  affords  spermaceti. 

Spermaceti  oil  is  much  purer  than  train  oil,  andiiums 
away  without  leaving  any  charcoal  on  the  wicks  of  lamps.  It 
has  been  decomposed  by  Dr.  Ure,  by  peroxide  of  copper,  and 
found  to  consist  of 

Carbon  • . .  •  10  atoms  ....  60    78.00 

Oxygen  ....     1  ditto 8    10.20 

Hydrogen  . .     9  ditto 9    1 1.80 

77  100. 

III.  Spebmaceti  (called  by  Chevreill*  ceiine)  bears  some 
resemblance  to  wax,  but  differs  from  it  in  other  properties. 
It  is  more  readily  fusible,  viz.  at  112^  Fahr.  and  is  less  solo* 
ble  in  boiling  alcohol,  of  which  it  requires  150  times  its  weight* 
It  is  copiously  dissolvefl  by  boiling  ether ;  and  the  solution, 
on  cooling,  becomes  a  solid  mass.  Pure  potassa  acts  on  ii 
more  remarkably  than  on  wax ;  and  the  compound  is  quits 
soluble,  forming  a  true  soap.  A  heated  solution  of  ammonia 
affords  a  liquid,  which  is  not  precipitated  by  cooling,  or  by 
the  addition  of  water ;  but  is  decomposed  by  acids.  From  the 
solution  by  potassa,  Chevreul  separated,  by.adding  a  mineral 
acid,  a  substance,  which  he  terms  cetic  acid,  it  is  a  white 
solid,  fusible  at  nearly  the  same  point  as  spermaceti,  but  which, 
does  not,  on  cooling,  crystallize  in  plates.  It  is  insoluble  in 
water,  but  much  more  soluble  in  alcohol  than  spermaceti^  and 
is  susceptible  of  imion  with  various  bases,  with  which  it  forms 
salts  or  soaps.f 

.  IV.  Ai>iE>ociBB.— *A  singular  instance  of  the  production  of 
animal  oil  from  the  lean  or  muscular  part  of  animals,  occurs  in 
the  conversion  of  muscle  into  a  substance  resembling  sperma« 
oeti,  and  called  by  the  French  chemists  adipocirs.  To  effect 
this  conversion,  it  is  only  necessary  to  confine  the  fleshy  pwit 
of  an  animal  in  a  box,  with  several  holes  in  it,  under  the  siir- 
fiice  of  a  running  stream.     When  thos  confined,  the  cbaiQiga 


.jbi 
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takes  place  spontaneously  in  the  course  of  a  few  months.  .  But 
It  may  be  accomplished  much  sooner,  by  digestiog  aniroai 
muscle  is  strong  nitric  acid,  and  washing  off  the  acid  by 
water,  as  soon  as  the  change  has  ensued.  The  substance,  thus 
obtained,  may  be  bleached,  by  exposure  to  chlorine  ga& 
From  the  experiments  of  Chevreul  and  of  Gay  Lussac,*  the 
fatty  matter  thus  obtained  appears  to  be  separated,  rather 
than  formed,  by  the  processes  which  have  been  described. 
Their  inferences,  however,  are  not  admitted  by  Dr.  Thom- 
son .+ 

Adipocire  has  a  light  yellow  colour,  the  consistence  of  tal- 
low, and  a  homogeneous  texture.  It  melts  at  an  inferior  tem- 
perature to  either  of  the  foregoing  bodies,  viz.  at  f)2^  Fahrai- 
heit.  Cold  alcohol  has  little  action,  but  when  heated,  dis- 
solves about  4-  or  4-  its  weight.  On  cooling,  it  is  deposited 
nearly  white,  and  the  alcohol  has  acquired  a  yellow  tinge. 
Boiling  ether  dissolves  nearly  one  fourth,  which  separates, 
almost  white,  on  cooling.  Fixed  alkalis  act  on  this  sub- 
stance, as  on  wax  and  spermaceti,  forming  with  it  a  soluble 
Soap.  Cold  ammonia  scarcely  attracts  it,  and  in  this  res|)ect 
it  differs  from  both  the  preceding  substances. 

V.  The  FAT  of  animals  may  be  separated  from  the  mcni* 
branons  and  other  substances,  with  which  it  is  united,  by 
melting  it  at  a  gentle  heat,  with  the  addition  of  a  small 
quantity  of  water.  Fat,  which  has  been  thus  prepared,  is 
called  lard  when  of  a  soft  consistence,  and  tallow  when  harder. 
From  the  whale  and  some  other  animals,  the  tut  is  obtained 
fluid,  and  is  then  called  animal  oil. 

Animal  fat  is  insipid  and  free  from  smell.  It  cannot  be 
combined  either  with  water  or  vnth  alcohol ;  but  it  unites  with 
alkalis  and  forms  soap.  It  is  apt  to  become  rancid  by  keep^ 
ing,  owing  to  the  formation  of  an  acid,  most  probably  by  the 
oxygenation  of  gelatine,  or  of  some  other  animal  substance 
which  the  fat  contains. 

Fat  melts  at  a  very  moderate  heat.  Lard  becomes  fluid  at 
about  92^  Fahrenheit,  and  tallow  a  few  degrees  higher.     At  a 
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ftill  higher  temperature,  tallow  is  decomposed,  and  yields, 
among  other  products,  a  large  quantity  of  olefiaut  gas.  Hence 
its  fitness  for  artificial  illumination. 

If  fat  be  melted  with  about  one  sixteenth  its  weight  of  nitric 
acid,  the  mixture  being  kept  fluid,  and  constantly  stirred  for 
some  time,  a  considerable  change  is  produced  in  its  appear- 
ance. Nitric  oxide  and  nitrogen  gases  are  evolved ;  and  the 
Uird  becomes  granular,  of  a  firmer  consistence,  and  soluble 
in  alcohol.  Any  adhering  acid  may  be  removed  by  washing 
it  with  water.  In  this  state,  it  has  been  called  by  the  French 
chemists  oxygenated  fat  > 

Melted  fat  dissolves  both  sulphur  and  phosphorus.  It  unites, 
also,  with  several  metallic  oxides,  and  tbrms  compounds, 
which  have  nearly  a  solid  consistence. 

Stearin^  Eldirij  S^c. 

It  has  been  shown  by  the  experiments  of  Chevreul,  which 
have  been  confirmed  by  those  of  Braconnot,*  that  fat  is  not 
homogeneous,  but  composed  of  two  distinct  substances.  When 
hc^s-lard  is  heated  with  alcohol,  the  fluid  on  cooling  deposits 
white  crystalline  needles,  which  may  be  purified  by  again  dis- 
solving them  in  hot  alcohol,  and  allowing  them  to  crystallize 
a  second  time.  To  the  solid  thus  obtained,  Chevreul  has 
given  the  name  of  stearin^  fronrcrlsaQy  tallow.  It  is  white,  brit- 
tle, and  free  from  taste  and  smelly  ^nd  in  appearance  resem- 
bles wax.  Its  point  of  fusion  varies  from  109^  to  120^  Fahr. 
according  to  the  source  from  which  it  has  lieen  obtained.  It 
is  soluble  in  heated  alcohol ;  and  is  convertible  into  soap  by 
being  treated  with  alkalis. 

When  the  alcoholic  solution  of  fat,  after  having  deposited 
all  its  stearin,  is  submitted  to  distillation,  there  remains  an 
oil,  which  is  fluid  at  59"  Fahrenheit,  and  is  called  by  Chev- 
reul eUiin  (from  i^uriov,  oil.)  It  has  generally  both  colour  and 
smell,  but  ihese  are  not  essential  to  it^  and  depend  on  the 
source  from  which  it  has  been  obtained.  It  is  convertible  into 
soap  with  alkalis. 


*  Ann.  do  Cbiin.  toin.  Uxxviii.  xciii.  xciv.  slcv.;  aud  Ann.  de  Cbioi.  ef 
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Braconnot  BqjBniled  these  two  component  principles  from 
eacl)  oilier,  by  simply  prcasin}/  fat  between  foliis  of  bloitii^ 
paper,  whidi  imbibes  only  the  elain,  and  again  gives  it  out 
on  being  moistened  wiili  water  and  submitted  to  pressure. 
Tile  proportion  of  tlie  two  ingredients  differ*  considerably 
in  different  varicticH  of  fut.  Stearin  being  tbe  cause  of  it« 
hardness  is,  of  course,  most  abundant  in  fat  of  firmest  con-^ 
listen  ce. 

When  hogVlard  is  made  into  a  soap  with  potassa,  and  thi^ 
soap  is  put  into  water,  it  is  partly  dissolyed,  and  partly  depo- 
sited in  pearl-coloured  scales.  These  scales  consist  of  potatsa 
united  with  a  peculiar  odd,  which  is  separated  by  adding  a 
due  quantity  of  muriatic  acid,  and  floats  on  the  surface  of  the  | 
liquor.  Chevreul  at  first  gave  it  the  name  of  mnr^ormc  (from 
fia^agnni,  a  pearl),  but  afterwards  jtroposed  that  of  magaritic  ^ 
aiid.  It  is  tasteless,  but  reddens  litmus,  is  fusible  at  134',  ^ 
and  on  cooling  slioots  into  brilliant  nhite  needles;  fluation  k 
outer,  and  is  insulubic  in  it ;  but  is  soluble  to  great  extent  in  t 
alcohol.  U  unites  with  potnssa  in  two  proportions,  vis.  tint  ■ 
of  100  acid  to  8.80  potasita,  and  of  100  acid  to  17.77  potass*.  \ 
It  is,  also,  capable  of  uniting  with  other  salifiisble  bases.  ^ 

That  portion  of  liie  soap  of  hoffVIard,  which  remains  ili*- 
solvetf  in  water,  is  a  compound  of  potassa  with  ndiflerentBcidi 
mixed  however  with  some  proportion  of  the  margaritic.    Tu 
separate  this  acid,  the  soap  was  decomposed  by  tartaric  acid: 
tlie  oleic  acid  thus  obtainetl  was  again  saturated  with  polussit 
and  the  compound  again  decomposed  by  tartaric  acid.     Afief 
two  or  three  repetitions  of  this  process,  an  oily  fluid  wa»  ob- 
tained, destitute  of  smell  and  colour;  of  the  specific  gravirS 
.899;  and  remaining  fluid  till  cooled  to  35°,  or,  in  some  of  i** 
varieties,  to  43^.     This  acid  does  not  unite  with  water,  but  ^^ 
very  soluble  in  alcohol.     It  unites  also,  witii  salifiable  basc^ 
and  forms  a  variety  of  salts  or  soaps,  the  precise  composition 
of  wbicli  has  been  st.itcd  by  Chevreul.*' 

A  very  remarkable  exjieriment  has  been  performed  by  B^^ 
rard,  the  result  of  which  has  been  the  production  of  a  nb^ 
stance  resembling  fat  from  bodies  in  a  gaseous  stale.     It  cwi'^ 

•  Aim.dc  Chim.  xcit.  W3. 
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fisted  in  mixing  together  one  volume  of  carbonic  acid|  10 
Tolumes  of  carbureted  hydrogen,  and  20  volumes  of  hydrogen, 
and  passing  the  mixture  through  a  red  hot  porcelain  tube. 
The  result  was  a  substance  in  small  white  crystals,  lighter  than 
water,  soluble  in  alcohol,  and  fusible  by  heat  into  a  fluid  re- 
sembling a  fixed  oil.*  Dobereiner  is  said,  also,  to  have  ob- 
tained a  similar  product  by  igniting  a  mixture  of  coal  gas  and 
aqueous  vapour. 


SECTION  IX. 

Animal  Acids. 

Of  the  acids,  that  have  hitherto  been  discovered  to  enter 
into  the  composition  of  animal  substances,  several  have  already 
been  described,  viz.  the  phosphoric,  sulphuric,  muriatic,  car- 
bonic, benzoic,  acetic,  and  malic.  Besides  these,  the  follow- 
ing are  either  component  parts  of  animal  substances,  or  are 
formed  by  treating  them  with  chemical  agents. 

I.  The  uric  acid^  or  liihic  acidj  exists  in  human  urine,  even 
in  its  most  healthy  state,  not  however  uncombined,  but  gene- 
rally united  with  ammonia.  The  purest  form  in  which  it 
occurs  is  in  the  excrement  of  the  serpent,  called  boa  constrict 
ioTj  and  of  other  amphibia.  (Phil.  Trans.  1818,  p.  303.)  Tlie 
substance,  occasionally  voided  along  with  the  urine,  and  called 
gravel,  consists  for  the  most  part  of  uric  acid ;  and  this  acid 
forms,  also,  one  of  the  most  common  ingredients  of  urinary 
calculi.  It  may  be  obtained,  by  dissolving  a  calculus  of  this 
kind  (the  external  characters  of  which  will  be  hereafter  des- 
cribed), reduced  to  fine  powder,  in  solution  of  potassa;  de- 
composing the  clear  solution  by  muriatic  acid  added  in  excess; 
and  washing  the  precipitate  with  a  large  quantity  of  distilled 
water.  The  precipitate  may  be  drained,  and  dried  at  212°, 
a  temperature  sufficient  to  deprive  it  entirely  of  water. 
'  I.  Uric  acid,  when  pure,  is  destitute  of  colour,  taste,  and 
noell;  it  dissolves  in  1720  parts  of  cold  water,  or  1150  parts 

*  Thoinson's  Annals,  xii.  41. 
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of  boiliiij^r  walcv;  from  which,  on  cooling,  much  of  the  acid 
precipitates.  This  was  tlie  degree  of  solubilUy  in  ihe  speci- 
men which  I  trietl,biitDr,  ProiU  (on  Calculous  Diseasos,  p-  li,) 
EtBles  that  one  part  of  uric  ncid  docs  not  dissolve  in  less  than 
10.000  parts  of  water  at  60°.  It  is  possible,  therefore,  that 
my  specimen  might  contain  urate  of  ammonia,  which  is  * 
much  more  soluble  substance.  The  Bolutioii  reddcnt  vegl' 
tnble  blue  colours,  and  combines  readily  with  pure  oUuli^ 
but  docs  not  effervesce  with  the  alkaline  carbonates.  The 
resulting  sails,  termed  urates  or  Ulhales,  I  have  described  «l 
length  iu  the  Manchester  Society's  Memoirs,  vol  ii.  N.S.  Uxod 
alkaline  solutions  dissolve  a  consitlerabte  quantity  of  uric  acid, 
if  the  alkali  be  in  excess.  The  saturated  comiKiunds,  liow- 
ever,  of  uric  acid  with  alkalis,  are  not  much  more  soluble  in 
water  than  tlic  acid  itself.  The  combination  of  uric  acid  will* 
boda  constitutes  the  principal  part  of  the  concretions,  fouoil 
near  the  joints  of  gouty  persoRG. 

2.  Nitric  acid,  diluted  with  about  an  equal  weight  of  waUr. 
dissolves  tlie  uric  ncid  at  a  moderate  heat,  and  a  solutioo  !■ 
obtained  wiiich  sdiiis  the  skin  percuanenll;  of  n  pink  Uf 
lour;  but  the  colour  is  not  fully  developed  till  the  put 
has  been  exposed  Lo  the  suu.  If  the  solution  he  boiled,  gU* 
bonic  acid  and  nitrogen  gases  escape,  and  prussic  acid  ii 
formed.  On  evaporation  lo  dryness,  a  bright  red  or  curniiae 
coloured  mass  remains,  of  which  more  will  be  suld  in  coiinco 
tiou  with  tlic  purpuric  acid.  By  repeatedly  distilling  Ditri* 
from  uric  ncid,  the  latter  is  at  length  wholly  dcconigxiMl; 
carbonic  acid  and  nitrogen  gnses  are  evolved;  and  a  sirmg 
smell  of  prussic  acid  is  produced.  The  residuary  fluid  (kpo- 
sits  crystals,  which  Dr.  Pearson  found  to  be  nitrate  of  am 
nin.  Chlorine  gas,  passed  through  water  in  which  uric 
is  sus))endcd,  occasions  the  formation  of  muriate  of  ainmi 
and  of  oxalic  and  malic  acida. 

3.  When  the  uric  acid  is  distillal  fwr  se,  about  one  foolW 
its  weight  of  a  yellow  sublimate  arisen,  which  contains  no  ^ 
acid;  hut  a  new  and  peculiar  one  combined  with  ainmoBi** 
A  few  drops  of  thick  oil  make  their  appearance ;  and  cnrboo* 

*  Tliorason's  Aonal*,  aii.  OS- 
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ate  of  ammonia,  with  some  prussic  acid,  water,  and  carbonic 
acid,  are  obtained.  In  the  retort  there  remains  about  one 
sixth  of  charcoal.  By  submitting  uric  acid  to  destructive  dis- 
tillation along  with  oxide  of  copper.  Gay  Lussac  determined 
that  the  carbon  is  to  the  azote  which  it  contains,  in  volume, 
as  2  to  1,  as  is  also  the  case  In  cyanogen.*  It  has  been 
shown,  also,  by  Berard,  that  in  uric  acid,  the  hydrogen  is  to 
the  oxygen  in  a  greater  proportion  than  in  water,  contrary  to 
what  has  been  established  with  respect  to  vegetable  acids.f 
Dr.  Prout  has,  also,  analyzed  uric  acid  by  the  same  process 
as  that  of  Gay  Lussac,  and  finds  it  to  be  composed  of 

Hydrogen 2.857  =   1  atom  or  1  volume 

Carbon 34.286  =  2  ditto  or  2  ditto 

Oxygen 22.857  =   1  ditto  or  4.  ditto 

Azote • .  40.  =1  ditto  or  1  ditto 

100. 

Vyro-iiric  acid.  This  acid,  the  existence  of  which  had  been 
hinted  by  Scheele,  and  some  of  its  compounds  examined  by 
myseir,  has  been  Fully  investigated  by  Chevallier  and  Las^ 
saigne.  (Ann.  of  Phil.  xvi.  25.)  They  dissolved  the  yellow 
sublimate  (noticed  No.  3,  of  the  last  article)  in  water,  and 
added  sub-acetate  of  lead.  A  white  precipitate  was  obtained, 
which,  after  being  washed  with  water,  was  decomposed  by  sul- 
phureted  hydrogen  gas.  The  liquid,  when  filtered  and  eva- 
porated, yielded  small  white  needles  which  were  pure  pyro- 
uric  acid. 

Of  this  acid,  cold  water  dissolves  about  one  fourth  of  its 
weight,  and  the  solution  reddens  vegetable  blues.  It  dissolves 
in  boiling  alcohol,  and  separates,  as  the  solution  cools,  in 
small  white  grains.  When  heated,  it  melts,  and  sublimes 
entirely  in  white  needles.  By  being  passed  through  a  red 
hot  glass  tube,  it  is  decomposed,  and  converted  into  the  com- 
mon products  of  animal  matter.  It  dissolves  in  nitric  acid, 
and,  by  evaporation  of  the  acid,  is  obtained  unaltered,  a  cha- 

^  9G  Ann.  de  Chim.  63.  f  Ann.  de  Chim.  et  Phys.  r.  295. 
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THctur   fiufBcicntly  dUtinguishinj^  it  from  uric  acid,   which, 
when  thus  treated,  fields  purpurate  of  ammonia. 

With  lime,  pyro-uric  acid  forms  a  cry  stall  izntile  salt,  wliicl^ 
mells  on  applying  heat,  and  assumes  on  cooling  tlie  cniisi^ 
tenco  of  yellow  wax.   It  is  constituted  of  91.*  acid  +  8.6  bitii^ 
Potassa,  soda, and  ammonia,  form  with  it  solublesaltB,  tlicli«j 
first  of  which   arc  crystal lizable.     Its  compound   with  bar] 
is  very  sparingly  soluble.     Its  alkaline  salts  precipitate  p 
oxide  of  iron  yollow;  that  of  copper  bluish  white;    and  t 
oxides  of  mci'cury,  silver,  and  lead,  quite  white. 

When  analyzed  by  combustion  with  peroxide  of  copper 
sfibrded 


Carbon IZ  atoms . 

Oxygen It  ditto   . 

Hydrogen  ...  ^.'i  ditto    . 
Azote .1  ditto    . 


73    28.29 

lis    44.92 


42    1(J.M 


In  this  analysis  the  products,  it  mny  be  obseifetl,  TbU  eI 
of  the  original  acid  by  0.55  per  cent. 

Piifpiiric  ociil. —  When  to  a  solution  of  pure  uric  acid  iatil^ 
luted  nitric  acid,  ammonia  is  added,  so  as  to  ncuirnlizc  Ae 
excess  of  acid,  and  the  soliiliun  is  slowly  evaporated,  itscoioiir 
gradually  becomes  of  a  deeper  purple,  and  dark  red  cryslal* 
soon  begin  to  separate  in  abundance.  These  may  be  dis- 
Eolvcd  in  dilute  solution  of  polassa,  and  heat  applied  to  lli9 
solution  till  the  red  colour  entirely  dis.ippcars.  The  alknlinc 
solution  is  then  to  be  gradually  dropped  into  diluted  sulphuric 
acid,  which  saturates  both  the  potnssa  and  amnionia,  and  jtr^ 
cipitatcs  a  peculiar  acid  in  the  form  of  a  very  fine  powder,  ef . 
a  slightly  yellowisii  or  cream  colour,  exhibiting  a  pearly  lustnl 
when  viewed  by  a  magnifier,  and  destitute  both  of  smell  and 
inste.  It  is  of  greater  specific  gravity  than  water,  ihougli, 
from  its  miiuitc  state  of  division,  it  subsides  very  alowly,  Tlib 
powder  is  llie  purpuric  acid;  a  title  assigned  to  it  bv  Dr. 
Prout  from  its  power  of  saturating  alkalis,  though  it  is  not 
capable  of  reddening  litmus. 
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Purparic  acid  is  rery  little  soluble  in  water,  1000  grains  of 

rhich  do  not  dissolve  1-lOth  of  a  grain,  but  the  water  assumes 

.  porple  tint,  which  it  retains  when  cold.     It  is  insoluble  in 

tber,  alcohol,  dilute  mineral  acids,  and  solutions  of  oxalic, 

itric,  and  tartaric  acids.     Concentrated  mineral  acids,  and 

itrong  alkaline  solutions,  dissolve  it  readily.  Strong  nitric  acid 

Iccomposes  it  with  heat,  and  a  purple  compound  is  obtained 

\j  evaporation  to  dryness,  precisely  as  if  uric  acid  had  been 

fissolved. 

Purpuric  acid  expels  carbonic  acid  from  the  alkaline  carbo* 

iiales  by  the  assistance  of  heat,  and  affords  a  class  of  compounds 

oiled  purpurates.  The  aqueous  solutions  of  these  salts  have  a 

beaatiful  deep  carmine  or  rose  red  colour,  from  which  property 

ibe  specific  name  of  the  acid  has  been  derived.     This  colour 

ii  perhaps  best  shown  in  purpurate  of  ammonia,  which  Dr. 

Prout  supposes  to  constitute  the  colouring  ingredient  of  the 

pbk  sediment,  deposited  from  the  urine  of  persons  labouring 

Boder  fevers. 

By  the  combustion  of  purpuric  acid  with  peroxide  of  cop- 
fer,  Dr.  Prout  determined  it  to  consist  of 

Carbon  ....  2  atoms  ....  12  27.27 

Oxygen  ....  2  ditto  ....  \6  36.36 

Hydrogen  . .  2  ditto  ....     2  4.54 

Azote 1  ditto  ....  14  31.81 


44  100.* 

An  acid  has  also  been  obtained  by  Brugnatelli,  by  acting  on 
nric  acid  with  nitric  acid,  which  he  has  proposed  to  call  ert/' 
thric  acid  (from  tpiApaiveiVj  to  redden)  and  its  compounds  en/' 
ihfates.  (Phil.  Mag.  lii.  30.)  This  compound  differs,  how* 
ever,  essentially  from  the  purpuric  acid  of  Dr.  Prout.  It 
may  be  formed  by  dissolving  pure  uric  acid  in  a  slight  excess 
i>r nitric  acid,  evaporating  slowly,  and  putting  the  solution  by 
to  crystallize  in  a  cool  place.  These  crystals  Dr.  Prout  sup« 
losea  to  be  either  a  compound  of  super-nitrate  and  super-pur- 
nirate  of  ammonia,  or  a  simple  compound  of  nitric  and  pur- 


*  Phil.  Trans.  1818,  p.  423. 
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pHric  acid.  (Ann.  of  Phil.  xiv.  363.)  They  turn  slowly  to  a 
purple  colour  on  exposure  to  the  air^  or  more  rapidly  if  dis- 
solved in  water  and  mixed  with  a  few  drops  of  liquid  aro« 
monia. 

II.  Rosacic  Acid. — There  is  a  substance  well  known  to  phy- 
sicians, as  a  deposit  from  the  urine  at  certain  stages  of  fever, 
at  the  close  of  attacks  of  gout,  and  in  other  diseases,  under  the 
name  of  lateritious  sediment,  which  Dr.  Prout  considers  as 
chiefly  composed  of  purpurate  of  ammonia,  formed  probably 
by  the  action  of  nitric  acid  on  uric  acid,  in  the  urinary  organs 
or  passages.  (On  Calculous  Diseases,  p.  16.)  According  to 
Proust,  however,  this  sediment  contains,  mixed  with  uric  acid 
and  phosphate  of  lime,  a  peculiar  acid,  which  he  terms  the 
rosacic^  from  its  resemblance  in  colour  to  the  rose.  This 
acid,  he  observes,  differs  chiefly  from  the  uric,  in  being  very 
soluble  in  liot  water;  in  having  little  tendency  to  crystallize; 
and  in  prccipilating  muriate  of  gold  of  a  violet  colour.  The 
experiments  of  Proust  have  been  confirmed  and  extended^  first 
by  Vauquelin  and  aflerwards  by  Vogel.*  The  latter  chemist 
finds  that  concentrated  sulphuric  acid  converts  rosacic  acid 
first  into  a  deep  red  powder,  and  afterwards  into  a  white  inso- 
luble substance  which  has  all  the  properties  of  uric  acid. 
Nitric  acid  effects  the  same  change.  It  appeai^s,  therefore, 
that  the  rosacic  and  uric  acids  differ  but  little  from  each  other, 
and  that  the  transition  is  easily  made  from  the  former  to  the 
latter. 

III.  The  amniotic  acid  has  been  discovered  by  Fourcroy 
and  Vauquelin,  in  the  liquor  of  the  amnios  of  the  cow,  fix>m 
which,  by  slow  evaporation,  it  separates  in  white  crystals.  It 
has  a  brilliant  appearance;  a  slight  degree  of  sourness;  red- 
dens vegetable  blues ;  is  scarcely  soluble  in  cold  water,  but 
readily  in  hot,  from  which  it  separates,  on  cooling,  in  long 
crystals.  It  is  also  soluble  in  heated  alcohol.  It  combines 
readily  with  alkalis  and  forms  neutral  salts,  from  which  the 
amniotic  acid  is  precipitated  by  other  acids.  It  does  not  de- 
compose alkaline  carbonates;  nor  docs  it  precipitate  salti 
with  earthy  bases,  nor  the  nitrates  of  silver,  mercury,  or  lead. 

•  96  Ann.  de  Cliim.  306. 
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By  a  strong  heat,  it  is  decomposed,  emits  ammonia  and  prus- 
ac  acid,  and  leaves  a  balky  charcoal. 

rV.  The  laclic  acid  forms  a  component  part  of  sour  milk ; 
irom  which  the  acid  may  be  obtained  by  gently  evaporating 
tto  about  one-eighth;  filtering  to  seporatc  the  curd;  and 
kdding  lime-water  to  the  residue.  A  precipitate  of  lactate  of 
ime  is  formed ;  from  which  the  acid  may  be  separated  by 
Mulic  acid.  The  lactic  acid  is  thus  obtained  in  an  impure 
itate,  dissolved  in  water.  Evaporate  the  solution  to  the  con- 
natence  of  honey ;  on  this  pour  alcohol,  and  filter  the  solu- 
tion. AVhen  the  alcohol  is  separated  by  distillation,  the  lactic 
•nd  remains  pure. 

This  acid  has  a  yellow  colour,  is  not  susceptible  of  being 
crystallized,  and  attracts  the  humidity  of  the  air.  It  combines 
with  alkalis  and  earths,  and  forms  deliquescent  salts.  It  dis- 
nlves  iron  and  zinc,  with  a  production  of  hydrogen  gas.  It 
mutes  also  with  the  oxides  of  other  metals.  In  its  properties, 
it  bears  most  resemblance  to  acetic  acid.  Fourcroy,  indeed, 
lopposed  that  it  is  really  the  acetic  acid,  holding  in  solution  a 
quantity  of  extractive  matter  and  of  the  salts  contained  in 
whey,  which  disguise  its  ordinary  properties.*  But  Berzelius 
contends  that  it  is  a  distinct  acid,  and  that  it  exists,  either  free 
oranited  with  soda,  in  all  animal  fluids.f 

V.  The  saccholactiCj  saclactiCj  or  miicic  acid  (the  last  of 
which  names  is  considered  by  Berzelius  as  improper)  is  formed 
by  pouring  on  powdered  sugar  of  milk,  in  a  stoppered  retort, 
four  times  its  weight  of  nitric  acid,  and  distilling  off  a  consi- 
derable portion  of  the  liquor.  On  leaving,  it  to  crystallize, 
oxalic  acid  is  obtained ;  but  if,  instead  of  this,  the  liquid  be 
suddenly  diluted  with  water,  a  white  sediment  forms,  which 
may  be  separated  by  decantation  and  washing,  and  the  oxalic 
Mid  remains  in  solution. 

Saclactic  acid  may,  also,  be  obtained  by  pouring  on  one 
part  of  gum  arabic  in  a  stoppered  retort,  two  parts  of  nitric 
acid;  applying  heat  a  short  time,  till  a  little  nitrous  and  car- 


•  Nicholson's  Journal,  x.  264. 

tThomson's  Annals,  ii.  201,  note.    See  also  his  Investigation  of  the 
lactic  acid,  in  Phil.  Mag.  xli.  241. 
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bonic  acid  gases  have  come  over,  and  then  allowing  tlie  mix- 
ture to  cool.  A  white  powder  gradually  separates,  from 
which  the  liquid  is  to  be  dfcnutecl.  The  powder,  after 
being  washed  several  limes  with  cold  water,  is  siiccholnctic 
acid. 

Tiiis  neid  is  about  one-tburth  more  soluble  In  hot  than  (r« 
cold  water.     Of  ihe  Tormer  it  rctjiiires  60  parts.     The  solutioix 
is  acid,  and  reddens  ihe  colour  of  litmus.    At  n  boiling  heat, 
it  efferveBces  with  alkaline  carbonates ;  iind  unites  readily  with 
alkalis  and  earths,  forming  a  geuus  of  sails  which  arc  calied 
sacckolaclales  or  saclaclales.     With  potassa,  it  affords  a  salt    | 
soluble  ill  eight  times  its  weight  of  cold  water,  and  crysUllizv 
ble  on  cooling ;  and  with  soda  n  salt  ctjually  crysialliznhle,  and 
requiring  only  five  parts  of  water  for  solution. 

The  saccholactic  acid  is  decomposed,  whcndistillcd  at  ami 
heat,  aud  yields  an  acid  liquor,  which  deposits  ncedle-sliajHtl 
crystnlii.  An  cmpyreumatic  oil  is  also  formed,  and  a  comi- 
dorable  qu.tnlity  of  carbonic  acid  and  hydro-carburet  gam, 
A  considerable  proportion  of  charcoal  remains  in  ihe  retort. 
Gny  Lussac  anil  Thcnard,  and  Uerzelius,  have  determined  ilk 
composition  to  be 

Carbon 33.69   33.+30 

Oxygen ti2.69    Gl.ifi.i 

Hydrogtn S.G'I   5. 1 0,1 


Calculating  on  the  results  of  Berzetius'ii  experiments,  saC 
lactic  acid  should  consist  of 

Carlxin 6  atoms  ....  36    ....  Si.28 

Oxygen 8  ditto    ....   64    ....  60.95 

Hydrogen 5  ditto     5    4.77 

105  100. 

Saclactalc  of  lead  has  also  been  anidyzeil  by  Berzeiius,  au«J 
with  a  result  which  confirms  the  above  equivalent  number.  I  * 

•  (;a_v  l.ui^nc  nnil  I'licDnrd.  f  Benrlius. 


SICT.  IX.  ANIMAL  ACIDS.  S9S 


feund  to  consist  of  100  sadactic  acid  +  106.87  protoxide 
dT lead,  numbers  which  have  as  nearly  as  possible  the  propor- 
tion of  105  to  112,  the  equivalent  of  the  protoxide. 

VI.  Sebacic  acid. — According  to  Thenard,  the  acid  which 
oas  been  described  as  the  sebacic,  obtained  by  adding  finely 
Mwdered  quicklime  to  melted  fat,  and  disengaging  the  acid 
3j  the  sulphuric,  is  merely  acetic  acid,  disguised  by  a  little  sul- 
phurous acid.  Besides  this,  however,  a  different  acid  may  be 
[irocured  by  first  distilling  hogs'-lard,  and  washing  the  product 
irith  hot  water.  The  watery  solution,  poured  into  one  of  ace- 
tate of  lead,  gives  a  flaky  precipitate,  which  is  to  be  heated, 
along  with  sulphuric  acid,  in  a  retort.  No  acid  is  distilled 
over ;  but  on  the  surface  of  the  matter  in  the  retort,  there 
floats  a  substance  resembling  fat,  which  may  be  separated,  and 
washed  with  boiling  water.  The  water  entirely  dissolves  it, 
and  becomes  concrete  on  cooling. 

The  acid,  thus  procured,  has  a  white  colour ;  is  without 
aacll;    has  a  slightly  acid  taste,    and   reddens  infusion  of 
litmus.     When  heated,   it  melts  like  a  sort  of  fat ;  boiling 
water  saturated  with  it  becomes  solid  on  cooling.     Alcohol 
dissolves  it  copiously.     It  precipitates  acetates  and  nitraten  of 
mercury  and  lead,  and  nitrate  of  silver.     The   alkalis  are 
neutralized  by  it,  and  form  soluble  salts,  which  do  not  decom- 
pose the  solutions  of  lime,  baryta,  or  struntia.     It  may  be 
volatilized ;  but  requires  a  higher  temperature  than  benzoic 
scid,  which,  in  several  paiticulars,  it  greatly  resembles.     Ber- 
kKus,  indeed,  considers  it  as  merely  benzoic  acid,  impregnated 
with  other  products  of  the  distillation  by  which  it  has  been 
<)btained,  and  it  is  extremely  probable  that  his  opinion  is  well 
founded. 

VII.  The  hydrocyanic  acid  is  formed,  chiefly  during  the 
^composition  of  animal  substances,  at  high  temperatures  : 
or  rather,  as  Gay  Lussac  has  rendered  probable,  a  cyanide  of 
Hassium  is  formed,  which  becomes  hydro-cyanale  of  potassa, 
^hen  acted  upon  by  water  and  an  acid  conjointly,  in  the  man- 
*^^r.already  explained  in  the  section  on  cyanogen. 

VIII.  The  zoonic  acid  has  been  shown  by  Thenard  to  be 
*^^rely  the  acetous,  holding  some  animal  matter  in  solution. 

IX.  The  formic  acid^  or  acid  of  anls,  was  submitted  to  a 
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course  of  experiments  by  Fourcroy  and  Vaaqtielin,  who  in- 
ferred that  it  is  merely  a  mixture  of  acetic  and  malic  acids. 
This  conclusion  was  opposed  by  the  experiments  of  Suersen, 
who  endeavoured  to  prove  that  the  formic  is  really  a  peculiar 
acid ;  but  its  identity  with  the  acetic  was  again  asserted  by 
Fourcroy  and  Vauquelin,  and  the  only  difference  between  the 
two,  alleged  to  consist  in  the  presence  in  the  formic  of  a  little 
phosphoric  acid  and  animal  matter.*  Gehleti,  however,  pub- 
lished a  fresh  series  of  experiments,  the  object  of  which  was  to 
prove  that  the  formic  is  really  a  peculiar  acid.  Its  smell  and 
taste  differ,  he  alleges,  entirely  from  those  of  acetic  acid. 
When  sufficiently  cooled,  it  becomes  solid,  but  does  not  crys- 
talliase.  Its  specific  gravity  is  1.11  G8;  when  diluted  with  an 
equal  weight  of  water,  it  becomes  1.060;  and  with  twice  its 
weight,  1.0296;  in  all  which  respects  it  differs  decidedly  from 
acetic  acid,f  as  well  as  in  composing  different  salts  with  oxide 
of  copper  and  other  bases. 

The  formic  acid  is  recognized,  also,  as  a  peculiar  compound 
by  Berzelius.  By  analysis,  he  obtained  as  the  ingredients  of 
formic  acid. 

Carbon 32.970 

Oxygen 64.223 

Hydrogen 2.807 

100. 

Keducing  these  proportions  to  atoms,  we  find  that  formic 
acid  is  constituted  of 

Carbon 2  atoms  ....  12    ....  32.4 

Oxygen 3  ditto    . .  •  •  24    ....  64.8 

Hydrogen 1  ditto    ....     1    . . . .     2.8 

37  100. 

The  equivalent  thus  deduced^  differs  very  little  from  that 
derivable  from  the  composition  of  formate  of  lead,  which 
Berzelius  found  to  consist  of  100  acid  +  298.1  base.  If  these 
results  are  worthy  of  confidence,  there  is  a  material  difference 

^  Aun.  de  Chini.  hlv,  48.    -  t  Tliomson's  Annals;  v.  84. 
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between  the  constitution  of  formic  and  acetic  acids,  the 
latter  of  which  contains  4f  atoms  of  carbon  -j-  3  of  oxygen 
+  2  of  hydrogen,  and  is  represented  by  50.  The  acid,  to 
which  the  formic  most  nearly  approaches,  is  the  oxalic,  from 
which  it  differs  only  in  containing  an  atom  of  hydrogen  in  ad- 
dition to  the  carbon  and  oxygen.  Dobereiner  has  formed  it 
artificially,  by  slightly  heating  bi-tartrate  of  potassa  or  tartaric 
acid  with  black  oxide  of  manganese  and  water.  A  great 
quantity  of  carbonic  acid  escapes,  and  a  sour  colourless  liquid 
distils,  which  is  formic  acid.    (Ann.  of  Phil.  N.S.  iv.  310.) 


CHAPTER  XIII. 

OF    TIIC    MOHE    COMPLEX    ANIMAL    PBODUCTS. 

All  nrraiigc  111  cuts  of  llie  vurloiiE  substances,  that  coni|)o:^=r  so 
the  nninial  body,  must,  in  the  present  slate  of  uur  knowledge    ^o, 
be  eutirely  mbitrary ;  and  it  can,  tliercfore,  be  of  little  coi^^m- 
sequence  which  of  them  is  adopted.     The  most  obvious  di*  ■     '  i- 
&ion  is  that  which  distributes  them  into  fluids  and  solids,  ai — :3d 
this  order  I  shall  follow  in  the  description  of  their  iiidividu     -^il 
properties.     A  minute  history,  however,  of  nil  the  variety  -^tf 
animal  compounds  would   be  foreign  to  the  purpose  of  ll^  >* 
work,  and  could  not  be  given  without  very  long  details.     F^cZif 
ihia  reason,  I  shall  notice,  at  greatest  length,  those  which  a^^c 
mostiutcreHting,  from  their  connection  with  animal  physiolog-  '^'- 


Of  the  Bhod—Respirali'm,  &c. 

The  blood,  when  examined  as  soon  as  it  has  been  draw  i^ 
from  the  body,  is  a  smooth  and  apparently  humogencois^ — ^^ 
'  fluid ;  viscid  to  the  touch  ;  and  of  a  specific  gravity  cxceedin^^^^ 
that  of  water,  in  a  proportion  which,  generally  speaking,  varies^'** 
from  1.030  to  1.050.  A  vnpour  presently  exhales  from  it,  whic  ^^^^ 
has  a  peculiar  smell,  but  which  does  not,  when  condensed,  at  -^^1 
ford  a  liquid  tliffeiing  essentially  from  water.  In  a  few  mS  *'^*' 
nutes,  a  thin  film  appears  on  the  surface;  and,  after  b  shuM  ^^ 
time,  the  whole  mass  becomes  coherent.  When  it  has  remaiis^^  * 
ed  some  time  in  this  gelatinous  state,  a  more  complete  scjiara^V^ 
tion  of  its  principles  ensues.  Drops  of  a  yellowish  liquid  ooz*^^^^' 
out  from  beneath  the  surface  of  the  inassj  and,  at  length,  llir  «^'" 
whole  is  resolved  into  two  parts,  a  firm  red  substance  callet-^  *'' 
the  cruor,  crassaincntum,  or  clot;  and  a  yellowish  liquic:^^^ 
termed  serum.     The  proportion  of  these  parts  varies  coosi — ■  " 
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derably;  the  crassamentum  being  much  more  abundant  in 
vigorous,  well-Fed  animals,  than  in  such  as  have  been  debili- 
tated by  disease  or  by  poor  living. 

The  period,  at  which  coagulation  begins,  varies  not  only 
with  the  condition  of  the  blood  itself,  but  with  the  circum- 
stances in  which  it  is  placed.  It  commences  sooner  as  the 
vessel  is  more  shallow ;  but,  on  an  average,  it  may  be  said  to 
begin  in  about  3^  minutes,  and  to  be  completed  in  seven. 
Fourcroy  states  that,  during  coagulation,  caloric  is  evolved ; 
and  this  fact  appeared  to  be  established,  also,  by  the  experi- 
ments of  Dr.  Gordon,  who  found  the  coagulating  part  of  a 
quantity  of  blood  warmer  than  the  rest,  by  from  6°  to  12° 
Fahrenheit.*  Subsequent  experiments  by  Dr.  John  Davyl* 
have,  however,  rendered  the  fact  extremely  questionable,  and 
have  led  to  the  suggestion  of  some  sources  of  fallacy  in  Dr. 
Gordon's  investigation. 

The  serum  is  an  apparently  homogeneous  fluid,  with  a  yel- 
lowish and  sometimes  slightly  greenish  tinge;  is  unctuous  to 
the  touch,  and  saltish  to  the  taste.  Its  specific  gravity  is  very 
variable,  but  on  the  average  is  about  1.029.  When  exposed 
to  a  heat  of  160%  and  still  more  readily  in  that  of  212°, 
serum  is  converted  into  a  pretty  firm  white  mass.  This,  in 
fact,  is  merely  coagulated  albumen,  the  properties  of  which 
liave  been  already  described.  When  cut  into  slices,  and  sub- 
jected to  gentle  pressure,  a  small  quantity  of  a  slightly  opaque 
liquor,  of  a  saline  taste  and  a  peculiar  odour,  oozes  from  it, 
which  is  called  the  serosity.  This  fluid  has  generally  been 
considered  as  holding  gelatine  in  solution ;  but  Dr.  Bostock 
has  found  reason  to  doubt  the  accuracy  of  the  opinion ;  in 
which  conclusion  he  is  supported  by  Brande  and  Berzelius. 

Mr.  Brande  coagulated  two  fluid  ounces  of  serum,  and  di- 
gested the  coagulum,  cut  into  slices,  in  four  fluid  ounces  of 
distilled  water,  which  was  afterwards  separated  by  means  of  a 
filter.  The  liquid,  when  evaporated  to  half  an  ounce,  gela- 
tinized on  cooling,  and  was  precipitated  by  an  infusion  of  tan  ; 
but  this  effect  might  equally  well  be  produced  by  the  presence 
of  albumen ;  and  decisive  evidence  of  the  presence  of  the  latter 


*  Thomson's  Annals;  iv.  139.  f  Journal  of  Science,  &c.  ii.  240. 
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tnbRtancc  was  obtained,  by  placing  some  of  the  fluid  in  the 
Voltaic  circuit,  when  a  rapid  coagulation  of  albumen  took 
place  round  the  negative  wire.  After  having  coagulated,  by 
Galvanic  electricity,  all  the  albumen  of  a  portion  of  serum, 
the  residuary  liquor  gave  no  indications  of  gelatine.  Mr. 
Brande,  therefore,  infers,  that  the  serosity  consists  of  albumen, 
in  combination  with  a  large  proportion  of  alkali.* 

The  serosity,  according  to  Berzelius,  contains  no  sulphuric 
acid,  and  only  a  vestige  of  the  phosphoric;  but  it  consists  of 
water,  of  pure  soda  holding  albumen  ia  solution,  of  muriates 
of  soda  and  potassa,  of  lactate  of  soda,  and  an  animal  matter, 
which  always  accompanies  the  lactate.t  The  solid  contenti 
of  the  serosity.  Dr.  Bostock  finds  to  vary  from  ^th  to  i^th 
of  its  weight ;  but  on  an  average,  they  may  be  stated  at  -^tb. 
It  has  been  a  subject  of  controvers}*,  j;  which  of  the  mineral 
alkalis  exists  in  serum  in  an  uncombined  form.  Dr.  Pearson 
maintains  that  it  is  potassa ;  but  Drs.  Bostock,  Berzelius,  and 
Marcet,  allege  that  it  is  soda ;  and  the  evidence  preponderates 
in  favour  of  the  latter  statement. 

When  serum  is  evaiK)rated,  at  a  heat  below  that  required 
for  its  coagulation,  it  yields  a  yellowish  semi-transparent  mass, 
resembling  amber,  that  splits  to  pieces  in  drying,  and  amounts 
to  about  05  grains  from  1000  of  serum.  This  substance 
softens  in  water,  and  becomes  gelatinous ;  and  about  $6  per 
cent  of  its  weight  are  dissolved,  and  may  be  passed  through 
a  filler.  The  insoluble  part  is  albumen ;  and  much  of  thb 
OLists,  also,  in  the  filtered  liquor,  beside  the  neutral  salts,  which 
have  already  been  mentioned. 

The  mineral  acids  coagulate  serum  so  completely,  that  no 
albamen  remains  in  the  serosity.  The  insoluble  componnds, 
which  are  produced,  exactly  resemble  those  of  the  same  acids 
with  fibrin ;  and  the  action  of  aicolnd  is  the  same  in  both 
oases.  Hence  Beraelius  contends,  that  there  is  very  little  dif- 
iSHrence  betwvcn  albumen  and  fibrin.  The  onlv  character  of 
dittinciion  between  them  appears  to  be^  that  albumen  does  not 
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coagulate  spontaneously,  but  requires  a  high  temperature;  and 
froin  this  circumstance,  it  is  less  rapidly  soluble  than  fibrin  in 
acetic  acid. 

The  serum  of  human  blood  is  composed,  according  to  Ber- 
zelius,  of 

Water , • 905.0 

Albumen 80.0 

Substances  soluble  in  alcohol,  viz. 

Muriates  of  potassa  and  soda , ,    6\  ,^  ^ 

Lactate  of  soda  and  animal  matter ^ . .  4  J 

Substances  soluble  in  water  only : 
Soda,  phosphate  of   soda,    and  a  little  animal 

matter 4.1 

Loss 0.9 

1000. 

This  analysis  agrees  very  remarkably  with  one  of  Dr.  Mar- 
cet,  who  obtained  the  following  ingredients.  The  substance, 
termed  by  him  muco-exlractive  maltei\  is  doubtless  impure 
lactate  of  soda;  and  the  sulphate  of  potassa,  and  earthy  phos- 
phates, were  probably  formed  by  the  combustion. 

A  thousand  parts  of  human  scrum  contain. 

Water 900.00 

Albumen 86.80 

Muriates  of  potassa  and  soda 6. 60 

Muco-extractive  matter 4.00 

Subcarbonate  of  soda 1.65 

Sulphate  of  potassa   0.35 

Earthy  phosphates 0.60 

1000. 

Vogel  considers  sulphur  as  another  constituent  of  serum; 
for  he  finds  that  when  serum  is  kept  for  some  days,  at  the 
temperature  of  between  75°  and  90°  Fahr,  a  gas  exhales  from 
it^  which  renders  legible  characters  written  on  paper  with 
acetate  of  lead.*    This  experiment  was  found  to  answer  with 

*  Ann.  de  Cbim,  ?ol«  Ixzifii. 
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the  bile  and  urine ;  but  it  can  scarcely  be  regarded  as  a  proof, 
that  the  blood  contains  sulphur  as  suchj  or  in  any  state  but 
that  of  intimate  combination.  The  same  chemist  has  endea- 
Toured  to  establish  the  presence  of  carbonic  acid  in  blood  when 
recently  drawn  *  from  a  vein. 

The  crassamenlum  or  clot  is  resolvable  into  two  parts,  viz, 
what  has  been  called  coagulable  lymph  or  Jihrw^  and  red 
globules.  The  separation  may  be  accomplished  by  long  con- 
tinued washing  with  water,  which  dissolves  the  red  globules 
only,  and  leaves  the  fibrin.  Its  properties  diflfer  scarcely  at  all 
from  those  of  fibrin  obtained  by  the  long  boiling  of  muscular 
flesh. 

FibrtTtj  as  it  is  contained  in  the  blood,  is  held  in  a  state  of 
solution,  or  rather,  according  to  recent  observations  of  Mr. 
Bauer,  in  the  state  of  very  minute  white  globules.  It  is  still  a 
question  to  what  cause  its  spontaneous  coagulation  is  owing. 
That  it  does  not  arise  from  the  absorption  of  oxygen,  is  plain 
from  the  fact  that  blood,  by  exposure  to  oxygen  gas,  has  its 
coagulation  retarded.  Hydrogen  gas,  also,  delays  its  coagu- 
lation ;  but  carbonic  acid,  nitrous,  and  nitrogen  gases,  acce- 
lerate it.  Ifi  vacitOj  Mr.  Hunter  states  that  it  occurs  at  the 
usual  period  ;  but  it  is  not  easy  to  conceive  under  what  cir- 
cumstaiTees  such  an  experiment  could  be  fairly  made.  When 
intercepted  in  a  living  vessel,  as  by  placing  ligatures  on  a  vein, 
Mr.  Hewson  found  that  blood  remained  imperfectly  fluid  for 
several  hours.  That  mere  rest  is  not  sufficient  to  produce  its 
coagulation  appears,  also,  from  the  fact,  that  the  blood  conti- 
nues fluid  in  cases  where  the  circulation  is  suspended  through- 
out the  whole  system ;  as  in  fainting,  and  in  suffocation  from 
.drowning  and  other  causes.  The  coagulability  of  fibrin  is 
destroyed,  also,  without  our  being  able  to  explain  the  fact,  in 
animals  killed  by  electricity  and  lightning;  by  a  blow  on  the 
stomach  ;  by  the  poison  of  the  viper ;  or  by  violent  passions 
of  the  mind.  In  some  diseases,  on  the  contrary,  its  tendency 
to  coagulation  is  greatly  increased. 

The  red  globules  of  the  blood  (that  part  to  which  its  peculiar 
colour  is  owing)  were  first  attentively  observed  and  accurately 

«  93  Ann.  deChim.71. 
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described  by  Mr.  Hewson.  As  their  name  imports,  they 
have  a  globular  figure,  which  is  sufficiently  visible  with  the 
aid  of  the  microscope.  The  diameter  of  these  globules  is 
from  ] -6000th  to  1 -4000th  of  an  inch.  They  appear  to  dis- 
solve readily  in  water,  and  tinge  it  with  their  own  peculiar  co- 
lour ;  but  Dr.  Young  finds  that  the  globule  remains  entire, 
though  colourless.  They  are  soluble  in  alkalis,  acids,  and 
alcohol,  but  not  in  the  serum.  The  watery  liquid  turns  syrup 
of  violets  green;  and,  after  some  time,  deposits  a  flocculent 
precipitate,  doubtless  from  the  coagulation  of  albumen,  the 
presence  of  which  is  indicated,  also,  by  the  effect  of  boiling 
the  solution.  It  seems  to  consist  of  albumen,  dissolved  by 
an  excess  of  pure  soda.  When  evaporated  and  calcined  in  a 
crucible^  a  residuum  is  obtained,  amounting  to  about  -nnnr  ^^ 
the  weight  of  solid  matter,  and  composed,  according  to  Four- 
croy  and  Vauquelin,  chiefly  of  sub-phosphate  of  iron. 

It  has  been  contended  that  the  red  colour  of  the  blood  is 
owing  to  the  iron  which  it  contains,  but  this  opinion  has  been 
rendered  extremely  questionable  by  the  experiments  of  Mr. 
Brande.  Berzelius,  indeed,  had  found  that  a  quantity  of  oxide 
of  iron  exists  in  the  ashes  of  the  colouring  matter ;  while  none, 
or  at  least  an  infinitely  small  portion,  is  afforded  by  the  other 
ingredients  of  blood.  He  cut  the  crassamentum  into  thin 
slices,  and  placed  them  on  blotting  paper;  and  after  this  had 
ceased  to  draw  out  any  moisture,  he  dried  the  slices.  Four 
hundred  grains  of  the  dried  substance  left,  after  incineration, 
5  grains  of  ashes,  which  were  composed  (supposing  100  to  have 
been  operated  on)  of 

Oxide  of  iron 50.0 

Sub-phosphate  of  iron 7.5 

Phosphate  of  lime  with  a  small  quantity  of  magnesia   6.0 

Pure  lime 20.0 

Carbonic  acid  and  loss • 16.5 

100. 

The  iron  in  the  colouring  matter  is  not,  Berzelius  admits,  in 
sacb  a  state,  as  to  be  capable  of  being  detected  by  the  nicest 
tests  of  that  metal,  until  the  composition  of  the  colouring 

VOL.  ii«  9  D 
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matter  is  destroyed  by  combustion.  Nor  is  there  any  truth 
in  the  synthetic  proof  alleged  by  Fourcroy,  that  subphospkale 
of  iron  dissolves  in  albumen,  and  imparts  to  it  a  bright  red 
colour,  resembling  that  of  blood. 

To  procure  the  colouring  matter  of  blood  in  a  detached 
8tate»  Mr.  Brando  employed  venous  blood,  stirred  during  its 
coagulation.  The  fibrin  is  thus  removed ;  and  the  colouring 
matter  is  diffused  through  the  serum,  from  which  it  gradually 
subsides  in  a  very  concentrated  form.  It  retains,  indeed,  some 
serum  ;  but  this  does  not  interfere  with  the  effects  of  various 
agents  upon  the  colouring  principle. 

The  aqueous  solution  has  a  bright  red  colour,  and  is  not 
very  prone  to  putrefaction.  It  is  not  altered  by  any  tempera- 
ture below  190°  or  200°  Fahr.;  but,  at  higher  temperatures, 
it  becomes  turbid,  and  deposits  a  pale  brown  sediment.  If 
the  fluid  be  poured  upon  a  filtre,  water  passes  through  colour- 
less; so  that  exposure  to  heat  destroys  the  solubility  of  colour- 
ing matter. 

Diluted  sulphuric  and  muriatic  acids,  and  acetic,  oxalic, 
citric,  and  tartaric  acids,  dissolve  the  colouring  matter,  and 
extract  it  from  the  crassamentum.  The  solution  has  more  or 
less  of  a  scarlet  hue,  according  to  the  acid  employed  ;  but  it 
is  always  green,  when  viewed,  in  narrow  tubes,  by  transmitted 
light.  Nitric  acid  destroys  the  red  colour,  and  converts  it  to 
a  brown. 

The  pure  and  carbonated  alkalis  dissolve  the  red  matter, 
the  colour  of  which  remains  unimpaired.  The  solution  in 
liquid  ammonia  approaches  nearest  to  scarlet.  When  the&e 
solutions  arc  supersaturated  with  muriatic  or  sulphuric  acids, 
the  liquid  acquires  a  colour,  similar  to  the  original  solution  of 
the  colouring  matter  by  those  acids. 

Alumina  cannot  be  brought  to  form  a  permanent  red  com- 
pound with  the  colouring  principle  of  the  blood.  But  when 
the  colouring  matter  is  left  to  stand  a  few  days,'  in  contact  with 
a  solution  of  the  crystallized  muriate  of  tin,  a  bright  red 
powder  precipitates,  which  is  a  combination  of  the  colouring 
matter  with  oxide  of  tin.  When  kept  in  water,  it  sustains  no 
change  of  colour;  but  when  dried  by  exposure  to  air,  it  loses 
its  brilliant  tint,  and  assumes  a  dull  red  hue. 
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The  most  effectual  mordaunts,  which  Mr.  Brande  discovered 
for  the  colouring  matter,  are  solutions  of  mercury  (especially 
the  nitrate)  and  corrosive  sublimate.  When  either  of  those 
salts  was  added  to  a  watery  solution  of  the  colouring  matter, 
a  deep  red  compound  wns  deposited,  and  the  liquid  became  co- 
lourles^s.  Woollen  cloth,  also,  first  impregnated  with  these  so- 
lutions, and  then  dipped  into  the  aqueous  solution  of  colouring 
matter,  acquired  a  permanent  red  dye,  unalterable  by  washing 
with  soap. 

It  appears^  therefore,  that  the  colouring  principle  of  the 
blood  is  an  animal  substance  of  a  peculiar  nature,  susceptible, 
like  the  colouring  matter  from  vegetables,  of  uniting  with 
bases,  and  admitting,  probably,  of  important  use  in  the  art 
of  dyeing.  On  examining  the  colouring  matter,  distinctly 
from  the  crassamentum,  Mr.  Brande  did  not  discover  a  greater 
proportion  of  iron,  than  in  the  other  principles  of  blood ;  and 
the  theory  may,  therefore,  be  considered  as  completely  set 
aside,  which  accounts  for  the  red  colour  of  the  blood  by  the 
presence  of  iron. 

The  conclusions  of  Mr.  Brande  have  been  lately  confirmed 
by  Vauqnelin,  who  recommends  the  following  method  of  ob- 
taining, in  a  separate  form,  the  colouring  matter  of  the  blood. 

Let  the  coagulum  of  blood,  well  drained  upon  a  hair 
sieve,  be  digested  in  four  times  its  weight  of  sulphuric  acid 
diluted  with  a  double  proportion  of  water,  at  the  temperature 
of  160®  Fahr.,  for  five  or  six  hours.  Filter  the  liquor  while 
yet  hot,  and  wash  the  residuum  with  a  quantity  of  hot  water, 
equal  ill  weight  to  the  acid  which  has  been  employed.  Con- 
centrate the  liquor  to  half  its  bulk;  then  add  pure  ammonia, 
till  there  remains  only  a  slight  excess  of  acid.  Afler  having 
agitated  the  liquor,  allow  it  to  stand,  and  a  purple  sediment 
will  be  deposited.  This  sediment  is  to  be  washed  with  distilled 
water,  till  the  washings  cease  to  precipitate  the  nitrate  of 
baryta.  It  may  then  be  drained  on  filtering  paper,  and  dried 
at  a  very  gentle  heat. 

When  dry,  it  is  destitute  of  taste  and  smell.  It  resembles 
jet  in  colour,  fracture,  and  lustre.  When  moistened  with 
water,  it  assumes  a  wine  red  colour,  but  does  not  dissolve  in 
that  fluid.     In  acid  and  alkaline  liquids,  it  readily  dissolves, 

2  D  2 


404  COMPLEX  ANIMAL  PRODUCTS.  CHAF.  XlUt 

and  communicates  to  them  a  purple  colour.  Its  acid  ida- 
tions  are  not  precipitated  by  gallic  acid  or  by  pnusiate  of  po* 
tassa,  thus  proving  the  absence  of  iron.  Infusion  of  gallsi 
however,  precipitates  it  without  any  change  of  colour.  It  is 
soluble  in  diluted  nitric  acid,  without  being  discoloured,  nor 
is  this  effect  produced  by  nitrate  of  silver;  but  it  is  completely 
discoloured  by  nitrate  of  lead,  which  throws  down  a  brown 
precipitate.* 

In  opposition  to  these  experiments,  it  is  still  maintained  by 
Berzelius,  that  the  colouring  matter  of  the  blood  contains 
iron,  not  indeed  discoverable  by  re*agents,  but  decisively 
proved  to  exist  in  its  ashes.  In  every  respect,  except  in  con- 
taining that  metal,  the  colouring  matter  of  the  blood  agrees 
with  fibrinc  and  albumen,  and  he  seems  disposed  to  believe 
that  its  colour,  though  not  depending  on  the  presence  merely 
of  an  oxide  of  iron,  may  be  produced  by  a  compound  of 
which  that  oxide  is  an  essential  part.f 

It  is  doubtless  on  the  red  globules  of  the  blood  that  the  dif« 
ferent  gases  act,  which  produce  such  remarkable  changes  in 
the  colour  of  the  entire  fluid.  Nitrogen  gas  blackens  arterial 
blood,  and,  according  to  Girtanner,  venous  blood  also.  In 
un  experiment  of  Dr.  Priestley,  it  appeared  that  the  bulk  of  a 
quantity  of  nitrogen  gas,  to  which  arterial  blood  was  exposed, 
sustained  a  diminution.  Blood,  which  hns  had  its  colour  thus 
impaired,  it  was  found  by  the  same  philosopher,  may  be  re- 
stored to  its  bright  florid  hue,  by  agitation  with  oxygen  gas; 
and  these  changes  may,  at  pleasure,  be  repeated  alternately. 
Oxygen  gas,  to  which  blood  is  exposed,  is  diminished  in 
volume,  and  contaminated  by  carbonic  acid.  Atmospheric  air 
undergoes  the  same  change  in  consequence  of  the  oxygen 
which  it  contains,  but  in  a  less  remarkable  degree. 

Similar  alterations  are,  also,  constantly  going  on  in  the 
blood,  during  its  circulation  through  the  living  body.  In  the 
veins  it  is  of  a  dark  red  colour,  inclining  to  purple.  In  this 
state  it  arrives  at  the  right  ventricle  of  the  heart,  by  the  con- 


*  Ann.  dc  Chim.  et  Phys.  i.  9 ;  or  Thomsou's  Annals^  viii.  930. 
t  Ann.  do  Chim.  ct  Phys.  v.  48. 
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tfftction  of  wtiich  it  is  driven  into  the  pttlmonAfy  ktlety.  This 
ftttery  is  distributed,  by  extremely  minute  ramifications,  bver 
the  whole  surface  of  the  air-cells  of  the  lungs  ;  and,  in  these, 
the  blood  is  exposed  to  the  action  of  atmospherical  air,  through 
the  slender  coats  of  the  blood  vessels.  Here  it  acquires  a 
bright  Vermillion  colour ;  and,  returning  td  the  left  ventricle 
of  the  heart  by  the  pulmonary  veins,  it  is  distributed,  by  the 
contraction  of  this  ventricle,  through  the  whole  body.  In  its 
Course  it  loses  its  florid  colour,  and,  after  traversing  the  system, 
returns  to  the  lungs,  to  be  once  more  fitted  for  the  perform- 
ance  of  its  functions. 

The  function  of  respiration  consists  of  two  distinct  actions, 
that  of  inspiratioTij  by  which  the  aii*  is  drawn  into  the  lungs ; 
and  that  of  expiration^  by  which  it  is  expelled,  afler  having 
served  the  purpose  for  which  it  was  inhaled.  By  an  easy 
natural  inspiration,  about  twenty  cubic  inches  may,  perhaps, 
on  an  average,  be  the  quantity  taken  in.  It  appears,  also, 
from  the  experiments  of  Messrs.  Allen  and  Pepys,*  that 
the  same  quantity  is  expired,  with  little  if  any  diminution. 
Atmospheric  air,  afler  being  once  only  admitted  into  the  lungs, 
returns  charged  with  8  or  8^  per  cent,  of  carbonic  acid  gas.  If 
the  same  portion  be  breathed  repeatedly,  considerable  uneasi- 
ness is  experienced ;  but  the  quantity  of  carbonic  acid  cannot 
be  increased  beyond  10  per  cent.  The  proportion,  however, 
which  is  produced  by  the  same  individual,  is  liable  to  some 
variations,  which  have  been  described  by  Dr.  Prout.  (Ann. 
of  Phil.  xiii.  269.)  When  the  state  of  the  expired  air  is 
elcamined  by  eudiometrical  tests,  a  quantity  of  oxygen  is 
found  to  have  disappeared,  equal  in  volume,  according  to  the 
experiments  of  the  same  accurate  chemists,  to  the  carbonic 
acid  which  has  been  formed.  Now  as  carbonic  acid  has  been 
proved  to  contain  exactly  its  own  bulk  of  oxygen  gas,  it  follows 
that  all  the  oxygen,  which  disappears  in  respiration,  must 
have  been  expended  in  forming  this  acid ;  and  that  no  portion 
of  it  has  united  with  hydrogen  to  form  water.  It  may  still, 
however,  be  doubted,  whether  the  oxygen  is  absorbed  through 
the  coats  of  the  vessels,  and  displaces  carbonic  acid,  which 

•  Philosophical  Thmsactiodi,  1808. 
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may  be  supposed  to  have  pre-existed  in  the  blood ;  or  whether 
this  acid  be  not  rather  generated  by  the  union  of  the  inspired 
oxygen  with  the  carbon  of  that  fluid.  Of  the  two  suppositionsi 
the  latter  appears  to  be  the  most  probable. 

The  only  change,  then,  that  has  been  satisfactorily  proved 
to  take  place  in  respired  atmospherical  air,  is  the  removal  of 
a  certain  quantity  of  oxygen  (its  nitrogen  being  wholly  un- 
touched), and  the  substitution  of  a  precisely  equal  volume  of 
carbonic  acid  gas.  When,  however,  pure  oxygen  gas  is  re- 
spired by  an  herbivorous  animal,  Messrs.  Allen  and  Pepys 
have  found  that  it  cannot  all  be  traced  into  this  combination ; 
but  that  a  portion  of  oxygen  has  disappeared,  and  has  been 
replaced  by  a  corresponding  quantity  of  nitrogen.*  The 
addition  of  nitrogen  appears  to  be  made  also,  when  a  mixture 
of  hydrogen  and  oxygen  gases  is  breathed,  in  which  the  latter 
is  in  the  same  proportion  as  in  atmospherical  air.  This  mix- 
ture, it  was  found,  may  be  respired  for  an  hour  without  incon- 
venience. The  substitution  of  nitrogen  for  the  oxygen  ori- 
ginally inhaled  is  a  fact  of  considerable  importance,  and  in 
the  present  state  of  our  knowledge  altogether  inexplicable. 

Besides  carbonic  acid,  a  portion  of  watery  vapour  is  emitted 
from  the  lungs,  and  in  a  quantity  sufficient  to  be  visible  when 
the  atmosphere  is  of  a  low  temperature.  From  various  ex- 
periments, it  may  be  inferred  to  amount  to  about  three  grains 
in  a  minute.  Until  lately  the  water,  thus  exhaled,  was  sup- 
posed to  be  generated  in  the  lungs,  by  the  union  of  the  in- 
spired oxygen  with  the  hydrogen  of  the  blood;  but  this 
hypothesis  is  inconsistent  with  the  experiments  of  Messrs. 
Allen  and  Pepys,  which  have  traced  the  whole  of  the  oxygen 
into  combination  with  carbon.  It  is  probably,  therefore, 
nothing  more  than  the  condensed  vapour  of  a  portion  of  that 
fluid,  which  is  ordinarily  secreted  into  the  bronchial  cells. 

An  important  purpose  of  the  function  of  respiration  is,  that 
it  contributes  to  that  equable  temperature,  which  the  animal 
body  preserves,  amidst  all  the  changes  in  the  surrounding 
medium.  Tliis  is  peculiarly  the  property  of  living  matter ; 
for  all  other  bodies  have  the  same  degree  of  heat  with  the 
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substances  that  are  in  contact  with  them.  In  the  human  body, 
the  temperature  varies  only  a  very  few  degrees  from  96°, 
whether  it  be  exposed  to  a  cold  of  many  degrees  below  the 
freezing  point ;  or  whether  it  be  surrounded  by  an  atmosphere, 
little  short  of  the  heat  of  boiling  water.  There  must,  then, 
be  certain  processes  in  the  animal  economy,  by  which,  in  the 
former  case,  caloric  is  reduced  from  a  latent  form  to  that  of 
temperature;  and,  in  the  latter  case,  by  which  the  great  ex- 
cess of  caloric  is  absorbed,  and  prevented  from  becoming  inju- 
rious by  its  accumulation. 

We  are  ignorant  of  those  precise  differences,  which  consti' 
tute  the  distinction  between  venous  and  arterial  blood,  or  in 
what  way  the  function  of  respiration  converts  the  former  into 
the  latter.  A  fact,  however,  of  considerable  importance,  on 
this  subject,  has  been  discovered  by  Dr.  Crawford.  The 
capacity  of  arterial  blood  for  caloric  he  found  to  be  superior 
to  that  of  venous  blood,  in  the  proportion  of  1030  to  899. 
When,  therefore,  arterial  blood  is  converted  into  venous,  a 
considerable  quantity  of  caloric  must  pass  from  a  latent  to  a 
free  state,  and  must  prove  an  abundant  source  of  tempe- 
rature. Now  this  is  precisely  what  is  constantly  taking  place 
in  the  body.  Caloric  is  evolved  by  the  combination  of  the 
inspired  oxygen  with  carbon ;  but  as  the  capacity  of  blood  for 
caloric  is,  at  the  same  time,  enlarged,  its  temperature  is  not 
raised  by  being  thus  nrterialized.  In  its  progress  through  the 
system,  the  blood  again  suffers  a  diminution  of  capacity ;  and 
the  caloric,  which  it  had  carried  in  a  latent  form  to  the  re- 
motest extremities,  is  extricated,  and  applied  to  the  support 
of  animal  temperature.  This  theory  explains  why  the  heat 
is  not  excessive  in  the  lungs,  but  is  equally  distributed  over 
the  whole  body.  In  animals,  placed  in  a  high  temperature. 
Dr.  Crawford  has  added  the  important  fact,  that  the  change 
of  arterial  into  venous  blood  does  not  go  on ;  and  no  addition 
of  temperature  is,  therefore,  derived  from  this  source.  Ano- 
ther cause,  limiting  the  heat  of  the  body  under  such  circum- 
stances, is  the  excessive  evaporation  which  takes  place  from 
the  surface  of  the  skin,  and  which  is  indicated  by  a  loss  of 
weight  of  no  inconsiderable  amount.* 

*  Nicholson's  Journal,  xrii.  Q15. 
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It  is  not  in  the  lungs  only  that  the  blood  exerts  an  action 
on  atmospherical  air;  for  a  similar  function,  it  appears,  be-, 
longs  to  the  skin  throughout  the  whole  body.  If  the  hand 
be  confined  in  a  portion  of  atmospherical  air  or  oxygen  gas, 
it  has  been  ascertained  that  the  oxygen  disappears,  and  is 
replaced  by  a  poriion  of  carbonic  acid.  At  the  tame  lioie,  a 
considerable  quantity  of  watery  fluid  transpires,  and  may  be 
collected  by  a  proper  apparatus. 

The  blood  is  subservient  to  various  important  uses  in  the 
animal  economy.     It  is  a.  source,  from  which  ore  constantly 
prepared  a  variety  of  other  substances,  both  solid  and  fluid, 
that  are  essential  to  our  well  being,  and  even  to  our  existence. 
From  the  blood  is  derived  the  solid  matter  of  the  bonea  lliem- 
lelvcs;  it  dues  not,  however,  exist  in  the  blood  in  the  stale 
of  sub-phosphate  of  lime  or  bone  earth  ;  but  appears  lo  bv 
produced,  from  the  ultimate  elemenls  of  blow),  on  the  very 
spot  where  its  presence  is   required,*     The  muscles,  which 
ore  nflixcd  to  the  bones,  and  which,  acting  as  levers,  enable 
us  to  change  our  situation  at  pleasure,  are  referribic  to  (be 
flame  source;  and  so  also  is  all  the  variety  of  animal  fluids 
which  perform  a  necessary  part  in  the  economy  of  this  coia-   1 
plicated  machine.     The  solids  and  fluids,  thus  produced,  ore 
sometimes  elaborated  by  complicated  organs  called  glaaiii,    i 
and  are  [hen  termed  SFCret'wns.     A  sufiicienliy  exact  and  com- 
prehensive knowledge  of  the  business  of  secrelion  would  hsre 
been  attained  il    we  were  able  to  discover,  in   the  secrelwl 
solids  or  fluids,  substances  analogous  to  those  which  are  Jtiuin 
in  the  blood,  and  no  others.     But  in  many  secretions  we  find 
principles  bearing  no  resemblance  to  albumen,  fibrin,  or  any 
of  those  fluids  that  form  the  proximate  clemenls  of  the  blood- 
In  these  cases,   nature  must  have  gone  farther  in  the  woik  of 
separation:  and,  after  disuniting   the  ultimate  principles  »> 
the  blood,  have  re-combined  them  in  a  new  manner  and  i" 
diSerent  proportions.     This   is  a  species  of  synthesis,  whi<*' 
we  have  hitherto  not  been  obic  to  iuiilate  in  substances  of  l^' 
animal  kingdom,  and  in  very  few  instances  even  in  vegetal'' 
products. 

*  Benelius'*  Animal  Cbcnuslry,  p.  19. 
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SECTION  IL 

Of  ihe  Secretions  subservient  to  Digestion;  vix.  the  Saliva^  the 
Gastric  and  Panaeatic  Juices,  and  the  Bile. 

Saliva  is  a  liquid  secreted  by  certain  glands,  and  poured 
into  the  mouth,  for  the  purpose  of  being  mixed  with  the  food 
during  mastication.  It  is  a  slightly  viscid  liquor,  of  a  saltish 
taste,  destitute  of  smell,  and  of  a  white  colour,  or  with  a 
slight  tinge  of  blue.  Its  specific  gravity,  according  to  Haller, 
is  as  1960  to  1875,  or,  according  to  Siebold,  as  1080  to  1000. 
The  latter  author  has  compared  its  consistence  to  that  of  a 
solution  of  one  part  of  gum  in  forty  parts  of  water.  It  is 
neither  acid  nor  alkaline,  and  has  therefore  no  effect  on  blue 
vegetable  colours.  Its  quantity  varies  considerably.  Nuck 
has  estimated  it  at  eight  or  ten  ounces  daily ;  and,  during  a 
mercurial  salivation,  several  pints  flow  in  the  same  inter- 
val.« 

Saliva,  when  evaporated  by  a  gentle  heat  to  dryness,  yields 
only  a  very  small  proportion  of  dry  extract  in  thin  semi- 
transparent  plates :  if  the  process  be  stopped  when  about  a 
third  only  remains,  crystals  of  muriate  of  soda  are  formed. 
Exposed  to  the  air,  it  appears  to  absorb  oxygen,  and  becomes 
of  a  thicker  consistence,  whitish  flocculi  at  the  same  time 
separating  from  it. 

There  is  some  difficulty  in  effecting  the  diffusion  of  saliva 
through  water;  but  this  may  be  accomplished  by  rubbing  the 
two  fluids  together  in  a  mortar.  The  solution,  which  is  thus 
obtained,  was  subjected  to  the  action  of  tests  by  Dr.  Bostock.f 
Bichloride  of  mercury  produced  no  immediate  effect;  but, 
after  some  hours,  alight  flocculentcoagulum  separated,  leaving 
the  liquid  nearly  transparent.  The  same  test  produced  a  still 
less  striking  effect  in  the  filtered  portion  of  some  saliva,  which 
had  been  several  days  exposed  to  the  atmosphere.  Infusion 
of  galls  precipitated  white  flakes,  from  the  recent  but  not  from 
the  filtered  liquor.  The  filtered  fluid  was  copiously  precipi- 
tated by  Goulard's  extract,   and   by   nitro-murlate    of  tin. 


*  Foarcroy,  8jr9t^BBe,4to«  v.  9M«       f  Nichoisoo's  Jonroal,  lir.  14t\ 
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From  these  experiments,  Dr.  Bostock  infers,  that  saltya  con- 
tains coagulated  albumen,  and  also  a  quantity  of  mucus  and 
muriate  of  soda,  but  no  gelatine.  To  the  quantities  of  each, 
he  considers  the  following  as  an  approximation  : 

Water 80 

Coagulated  albumen 8 

Mucus •  •  •  •  •  11 

Saline  substances 1 

100 

Berzelius  has  lately  published   a  more   exact   analysis  of 
saliva.*     Its  constituents  are 

Water 992.9 

A  peculiar  animal  matter 2.9 

Mucus 1 .4 

Alkaline  muriates 1  •? 

Lactate  of  soda  and  animal  matter  .  •  •  •  •       0.9 
Pure  soda 0.2 

1000. 

When  exposed  to  the  agency  of  galvanic  electricity,  Mr. 
Brande  has  found  that  saliva,  even  after  being  first  boiled  in 
water,  gives  an  abundant  coagulation,  and  a  separation  of 
alkali  round  the  negative  pole,  though  neither  acids,  nor  any 
of  the  common  agents,  showed  the  presence  of  albumen. 
Hence  it  appears  that  this  substance  may  form  part  of  an 
animal  fluid,  and  yet  not  be  discoverable  by  the  common  tests. 
In  saliva  Mr.  Brande  supposes  that  it  is  united  with  an  alkali 
(probably  soda)  which,  in  this  state  of  combination,  loses  its 
property  of  affecting  vegetable  colours.f 

The  GASTBic  JUICE  is  a  fluid  which  is  poured  out  upon  the 
inner  surface  of  the  stomach,  and  is  possessed  of  very  extra* 
ordinary  powers  as  a  solvent.  One  of  the  great  obstacles  to 
an  accurate  analysis  of  it  is  the  difficulty  of  procuring  it  suffi- 
ciently pure,  and  free  from  admixture  with  the  contents  of 
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the  stomach.  It  lias  been  generally  collected  from  animals, 
which  ha?e  been  kept,  for  some  time  before  being  killed, 
without  foo<l.  In  this  state,  it  is  a  transparent  liquor,  having 
a  saline  and  somewhat  bitter  taste,  and  containing  neither  un- 
combined  acid  nor  alkali.  It  precipitates  nitrate  of  silver; 
and,  when  evaporated,  gives  a  solid  residuum,  which  is  deli- 
quescent, and  has  an  unpleasant  smell.  By  the  action  of 
acids,  a  small  proportion  of  albumen  is  discovered  in  it,  and 
gelatine  or  mucus  remains  in  solution.  Vauquelin  always 
found  phosphoric  acid  in  the  gastric  juice  of  herbivorous 
animals,  whilst,  on  the  other  hand,  that  of  man  and  carnivo- 
rous animals  seldom  gave  any  visible  traces  of  free  acid  or  alkali. 
The  contents  of  the  stomach,  however,  during  the  process  of 
digestion,  are  almost  always  acid,  but  the  nature  of  the  acid  has 
not  been  clearly  ascertained.  It  is  evidently.  Dr.  Prout  ob- 
serves, a  volatile  acid,  because  its  effects  on  litmus  paper  dis- 
appear on  drying.     (Ann.  of  Phil.  xiii.  271.) 

This  im|)erfect  account  of  the  propertiesof  the  gastric  juice  a& 
fords,  it  must  be  confessed,  no  explanation  of  the  solvent  power, 
which  it  exerts  on  all  animal  and  vegetable  substances.  Even 
out  of  the  body  it  appears,  from  the  experiments  of  Spallan- 
zani,  to  retard  the  putrefaction  of  animal  substances,  and  to 
reduce  them  to  a  state  somewhat  similar  to  that  in  which 
they  are  found  after  having  been  some  time  in  the  stomach. 
On  substances  taken  into  that  organ  its  solvent  power  is  even 
still  more  remarkable.  In  Dr.  Stevens's  experiments,  hollow 
silver  spheres,  perforated  with  small  holes  and  containing 
animal  and  vegetable  food,  were  swallowed  by  a  man  who 
possessed  the  faculty  of  doing  this  without  injury,  and  with 
the  result  that  the  food  was  always  dissolved,  and  the  vessel 
voided  in  an  empty  state.  After  death,  it  appears  from  the 
observations  of  Mr.  Hunter,  that  the  stomach  itself  is  some- 
times erode<l  by  the  gastric  juice,  large  holes  having  been 
found  in  it  from  the  action  of  that  fluid.  I'hese  facts,  as  well 
as  the  power  of  the  gastric  juice  in  coagulating  milk,  which 
in  all  animals  appears  to  be  the  characteristic  property  of  the 
gastric  juice,  arc  quite  inexplicable  on  any  known  chemical 
principle. 

The  contents  of  the  stomachs  of  animals  feeding  exclusively 
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on  Tegetable  food,  even  when  about  Id  pun  fhe  tijrkirii%  and 
$ppBrenily  fully  digested,  exhibit  no  traces  of  albumen.  Tliis 
change,  Dr.  Prout  observes,  requires  the  action  of  the  pan- 
creatic and  biliary  fluids,  and  is  not  distinctly  visible  till  the 
food  has  passed  some  distance  into  the  duodenum.  Digestioli, 
therefore,  though  begun  in  the  stomach,  is  only  ioiperfiactly 
performed  in  that  organ. 

The  PAifcRBATic  JUiCB  has  not  been  examined  with  any 
attention.  The  only  observations  which  we  possess  respect- 
ing it,  are  those  of  Dr.  Fordyce.  He  found  it  to  be  a  colour- 
less liquid,  slightly  saline  to  the  taste.  By  evaporation^  mu- 
riate of  soda  was  obtained,  and  the  same  salt  was  indicated  also 
by  nitrate  of  silver.  Hence  we  may  conclude  it  to  be  analo- 
gous in  composition  to  the  saliva. 

The  BiLB  is  one  of  those  fluids,  which  has  attracted  pecu- 
liarly the  notice  of  chemists,  and  which  is,  therefore,  better 
understood  than  most  others.  It  is  to  the  labours  of  Four- 
croy,  and  still  more  recently  of  Thetiard,*  who  has  published 
two  memoirs  on  the  bile,  that  we  are  chiefly  indebted  for  our 
knowledge  of  its  composition. 

The  bile  of  the  ox,  from  the  greater  quantity  of  it  which 
may  be  procured,  has  been  mostly  the  subject  of  experiment. 
Its  colour  is  commonly  yellowish  green,  and  very  rarely  deep 
green.  When  mixed  with  syrup  of  violets  or  infusion  of 
turnsole,  it  produces  no  other  change  than  what  any  other 
liquid  of  the  same  colour  would  efiect.  Its  taste  is  bitter  and 
at  the  same  time  sweetish,  and  excessively  nauseous.  Its 
smell  is  peculiar ;  and  something  like  that  of  melted  fat.  Its 
specific  gravity  is  1026 ;  its  consistence  variable,  from  that  of 
a  thin  mucilage  to  that  of  synovia.  Sometimes  it  is  limpid, 
and,  at  others,  contains  flocculi  of  a  yellow  matter,  which  may 
easily  be  separated  by  water. 

When  submitted  to  heat,  ox-bile  first  deposits  a  portion  of 
coagulated  matter,  and  yields  a  liquid,  which  has  the  peculiar 
smell  of  bile,  and  which  throws  down  a  white  precipitate  from 
acetate  of  lead.  The  solid  residuum  has  a  yellowish  green 
colour;  is  very  bitter;  somewhat  deliquescent;  and  entirely 
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solable  in  water  and  in  alcohol.  It  melts  at  a  moderate  heat, 
and  is  decomposed  by  a  still  stronger  one,  the  products  being 
more  oil,  and  less  carbonate  of  ammonia,  than  from  animal 
matters  in  general.  A  very  bulky  coal  containing  several 
neutral  salts  remains  in  the  retort.  The  salts  extracted  from 
this  coal,  taking  them  in  the  order  of  their  quantities,  are 
muriate  of  soda,  phosphate  of  sodu,  phosphate  of  lime,  and 
sulphate  of  soda.  Traces,  also,  are  discovered  of  oxide  of 
iron. 

The  uncombined  soda  in  bile  does  not  exceed  ^^  its  weight ; 
and  as  this  very  minute  quantity  of  alkali  must  be  quite  iur 
capable  of  dissolving  the  large  propoition  of  resin^  which 
exists  in  that  fluid,  Thenard  was  induced  to  turn  his  attention 
to  the  discovery  of  some  other  solvent  of  resui,  existing  as  a 
component  of  bile.  Acetate  of  lead  (the  common  sugar  of 
lead  of  commerce)  precipitates,  he  found,  not  only  the  resin, 
but  the  peculiar  substance  of  which  he  was  in  search,  in  union 
with  oxide  of  lead.  But  an  acetate  with  a  larger  proportion 
of  base  (formed  from  eight  parts  of  sugar  of  lead  and  one  of 
litharge)  produced  a  different  effect;  and  precipitated  only 
the  albumen  and  the  resin.  When  the  remaining  liquid  was 
filtered,  and  the  lead  separated  by  sulphureted  hydrogen  gas, 
it  gave,  on  evaporation,  a  residue  having  less  bitterness  and 
considerably  sweeter.  In  this  state,  the  solvent  of  the  resin 
could  not  be  considered  as  pure,  since  it  retained  in  solution 
a  quantity  of  acetate  of  soda,  arising  from  the  decomposition, 
by  the  acetate  of  lead,  of  the  salts  of  soda  existing  in  the 
bile.  He  again,  therefore,  precipitated  the  solution  by  ace-» 
tate  of  lead  saturated  with  oxide,  and  obtained  an  insoluble 
compound  of  the  peculiar  matter  and  oxide  of  lead.  This 
was  dissolved  in  vinegar,  the  oxide  of  lead  separated  by  suU 
phureted  hydrogen,  and  the  acid  expelled  by  evaporation. 

This  substance,  to  which  Thenard  has  given  the  name  of 
picromel,  possesses  the  property  of  rendering  the  resin  of  bile 
easily  soluble  in  water.  Three  parts  are  sufficient  to  one  of 
the  resin.  The  characters  of  picromel  are,  that  it  is  insoluble 
in  water  and  alcohol,  and  incapable  of  being  crystallized ; 
that  it  precipitates  nitrate  of  mercur}'  and  acetate  of  lead  with 
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excess  of  oxide;  and  tlint  it  forin«,  with  resin  and  a  minu  j 
(juantily  of  Eoda,  a  triple  compounc),  which  is  not  decora 
poaablc  by  acids,  nor  by  aikullne  or  eartliy  salts.  Clievallir 
baa  shown  that  it  pxists  in  hunmn  bila  laken  from  ih^  fjjr 
bladder  ulicr  death,  but  lie  could  not  detect  It  in  bile  t  j 
charged  by  vomiting.  (Ann.  de  Chim,  et  Phys.  ix.  4C;: 
It  has  been  analyzed  by  Dr.  Thomson,  who  obtained  jirocii..M 
indicating  5  atoms  of  carbon  +  3  of  oxygen  +  1  of  hydro^__j 
(Ann.  of  Phil.  xiv.  70.) 

The  reain  is  to  be  considered  as  the  cause  of  the  smell,  0.1^ 
ill  great  part,  of  the  colour  and  taste  of  the  bile.  Jl  is  s»Ai/. 
very  bitter ;  and,  when  pure,  green,  but  when  melted  it  pasiet 
to  yellow.  It  is  soluble  in  alcohol  and  in  pure  alkalis  Bod 
is  precipilabic  from  the  former  by  water,  and  from  the  latitr 
by  acids. 

The  yellow  matter  appears  to  be  peculiar  to  the  bile,  and 
to  possess  characters  distinct  from  those  of  other  imimal  tub- 
stances,  lu  presence  seems  to  render  the  bile  putrescent; 
and  it  is,  also,  the  source  of  the  concretions,  which  form  in 
the  gall-bladders  of  oxen.  Insoluble  by  itself,  it  licconiN 
soluble  by  the  inlervenlion  of  soda,  resin,  and  picromcl;  siitl, 
whatever  be  the  solvent,  it  is  precipiluicd  by  aciiis.— In  ll« 
analysis  of  bile,  the  first  step  wus  to  scpurntc  thh  vcilo* 
matter,  by  adding  uilric  acid,  and  to  free  it  froui  the  poriion 
of  resin  which  adheres  to  it.  Into  the  remainder,  acetate  of 
lead  with^excess  of  oxide  (prepared  as  already  directed)  va* 
poured,  and  an  insoluble  compound  was  formed,  consisting 
of  oxide  of  lead  and  resin,  from  which  nitric  acid  dctacbed 
the  latter  in  the  state  of  soft  green  flukes.  Snlphurcted  h;* 
drogen  was  then  passed  through  the  liquid,  which  wassrp** 
rated  by  filtration  from  the  preci|}itate  and  evaporated  "• 
dryness.  Deducting,  from  its  weight,  that  of  the  aceUtc  of 
soda  formed  by  the  decomposition  of  aL-etatc  of  lead,  'be 
weight  of  picromcl  was  obtained.  The  saline  substances  were 
detcrminetl  by  calcination,  lixiviation,  and  other  common  pro- 
cesses. 

In  this  way,  the  composition  of  ox-bile  was  determined  1^ 
follows : 
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Water tOO    or  a  Utile  more 

Resin 24 

Picromel 60.5 

Yellow  matter variable — in  this  case  4. 

Soda 4 

Phosphate  of  soda .       2 

Muriate  of  soda  .  • 3.2 

Sulphate  of  soda 0.8 

Phosphate  of  lime   .,.••.       1.2 
Oxide  of  iron • .  • a  trace. 

800. 

The  bile  of  the  dog,  the  sheep,  the  cat,  and  the  calf,  was 
found  on  analysis  to  be  precisely  similar  to  that  of  the  ox. 
The  bile  of  the  pig,  on  the  contrary,  contained  neither  al- 
bumen, yellow  matter,  nor  picromel.  It  consisted  merely  of 
resin  in  great  quantity,  of  soda,  and  of  salts,  the  nature'of 
which  has  not  yet  been  ascertained.  It  was  entirely  decom- 
posed by  acids,  and  even  by  the  weakest,  the  acetic. 

Berzelius  denies  the  presence  of  resin  in  bile,*  and  asserts 
that  it  is  not  possible  to  repeat  the  analysis  of  that  fluid,  by 
the  processes  which  Thenard  has  described.  The  substance, 
he  alleges,  which,  in  bile,  resembles  resin,  is  precipitable  by 
acids;  and  the  precipitate  is  a  compound  of  the  acid  em- 
ployed willi  .the  green  colouring  matter  of  bile.  When  we 
use  sulphuric  acid  with  heat,  a  green  liquid  is  obtained  re- 
sembling a  resin;  and  after  saturating  the  acid  with  carbo- 
nate of  baryta,  the  green  matter  is  soluble  in  water,  to  which 
it  imparts  its  own  colour  and  bitterness.  This  is  tJie  cha- 
racteristic ingredient  of  bile,  which  Berzelius  calls  biliary 
matter.     He  finds  bile  com])osed  of 

Water 907.4 

Biliary  matter 80.0 

Mucus  of  the  gall  bladder 3.0 

Alkalis  and  salts  common  to  all  animal  fluids       9.6 

1000. 
The  bile  of  birds  contains  a  large  quantity  of  albuminous 

^71  Ann.  d«  Cbim.  990. 
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matter.  The  picromel,  which  ie  extracled  From  it,  is  not 
sensibly  sweet ;  but  on  the  conCrnrjr  liaa  h  shnrp  and  bitter 
taste.  It  contains  a  mere  trace  of  ^ocla,  and  does  not  pre- 
cipitate the  Guper-Bcetatc  of  lead. 

Human  bile  was,  also,  an  object  of  Thennrd's  researches; 
and  his  experiments,  he  h  of  opinion,  have  led  him  to 
as   accurate  a  knowledge  of  it,   as  of  any  other  species. — 

Its  colour  varies  considerably ;  sometimes  it  is  green,  al- 
most always  brownish  yellow,  and  sometimes  it  is  without 
colour.  Its  taste  is  not  very  bitter.  It  is  seldom  perfectly 
limpid;  for  it  generally  holds  suspended  in  it  a  certain  quan- 
tity of  yellow  matter,  which  is  sometimes  even  present  in 
such  quantity,  as  to  render  the  bile  clotted.  When  it  f»  fil- 
tered, and  submitted  to  a  boilinj^  heat,  it  becomes  (hick  and 
emits  the  smell  of  white  of  egg.  Evaporated  to  dryness,  it 
afTonlsan  extract,  which  is  equal  to  -p^-th  the  weight  of  (he 
bile.  This  extract,  by  calcination,  affords  precisely  the  tarn 
suits  as  are  found  in  ox-bile,  vix.  uncombined  soda  ;  murintr, 
sulphate,  and  phosphate  of  soda;  phosphate  of  lime;  uid 
oxide  of  iron. 

All  the  acids  decompose  human  bilc^  nntl  precipitate  from 
it  a  large  quantity  of  albumen  and  of  resin.  These  may  be 
separated  from  each  other  by  alcohol.  By  the  application  cf 
acetate  of  lead,  no  picromel  can  be  discovered;  nor  is  sdJ 
other  ingredient  found  in  human  bile  than  yellow  matter,  *1* 
bumen,  resin,  and  saline  substances.  The  proportions,  w 
certained  by  Thenard,  are  the  following: 

Water lOOO" 

Yellow  matter,  insoluble  and  floating  in  thel 

bile,  a  variable  quantity  from  2  to J 

Yellow  matter  in  solution a  iJiKt- 

Albumen 43 

Kesin \\ 

Soda S.fi  j 

Phosphates  of  soda  and  lime,  sulphate  and  j 

rauriiite  of  soda,  and  oxide  of  iron J 

UOO. 
*  Tliese  are  tlie  nuinben  pTCD  by  Thenard  (M^moires  d'Aicueil.i.i''' 
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The  felloir  mmtter  tf^pean  to  be^  in  every  respect,  similmr 
to  that  of  ox-bile*  The  resin  is  yellowish ;  very  fusible ;  very 
bitter^  bat  less  so  than  that  of  ox-biic;  soluble  in  alcohol, 
firom  which  it  is  precipitated  by  water ;  and  soluble  in  alkalis, 
from  which  it  is  thrown  down  by  acids.  In  water  it  appears 
Ksrcely  to  dissolve;  and  yet  sulphuric  and  nitric  acids  occa* 
mm  a  precipitate  from  water  which  has  been  digested  on  it. 

If  Inle  be  submitted  to  the  action  of  galvanism,  Mr.  Brande 
hsi  found  that  coagulation  takes  place  at  the  negative  pole^ 
where  soda  also  appears.  At  the  positive  pole^  muriatic  and 
phosphoric  acids  are  evolved. 

The  substance  of  the  liver  of  the  ox  has  been  analyzed  by 
Brsoonnot,  but  as  there  b  nothing  particularly  important  in 
the  results,  I  content  mysdf  with  referring  to  them.  (Quar- 
tniy  Joamal,  viL  388.) 

BiLiAET  CALCULI.  The  composition  of  biliary  concretions 
di&rs  in  different  animals.  Those  of  the  ox  contain  traces 
of  bile,  which  is  removable  by  the  action  of  water,  after 
which  they  are  entirely  destitute  of  taste  and  smell.  Their 
colour  is  a  yellow  of  so  much  beauty  as  to  render  them  a  va- 
Inible  pigment.  They  undergo  no  change  at  a  heat  below 
ledness ;  but  at  this  temperature  they  melt  and  swell,  and 
ifter  yielding  the  usual  animal  products,  give  about  one-sixth 
thdr  weight  of  a  white  matter  which  is  phosphate  of  lime. 
They  are  nearly  insoluble  both  in  water  and  in  alcohol ;  and 
with  some  difficulty  in  alkalis,  from  which  they  are  preci- 
pitited,  in  green  flocculi,  by  acids.  Boiling  muriatic  acid 
takes  up  only  a  small  quantity,  and  renders  them  green. 
Hence  diey  appear  to  be  homogeneous ;  and  to  possess  pro- 
pcities  identical  with  those  of  the  yellow  matter  of  the  bile  of 
o^en,  and  of  human  bile. 

The  calculi  of  the  human  gall-bladder  have  been  more  at- 
^ti?ely  examined  than  those  of  the  ox.  It  had  been  long 
^^wn  that  they  enter  into  fusion  at  a  low  temperature,  and 
that  the  alkalis,  and  the  fixed  and  volatile  oils,  effect  their  so- 

^^^ion.    One  of  their  distinctive  characters  was  first  pointed 

^ . — ^  ■ .  -  — ^^  -^ — ■ — ■ —  -^  -      -  ^  .   — — 

^«s  tbeir  sum  exceeds  1100,  it  is  probable  that  the  nror  will  best  be  oor- 
'*^ted  by  reducing  the  proportion  of  water. 
▼OL.  ji,  2  E 
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out  by  Poulletier  dc  Ik  Salle,  viz.  that  of  being  soluble  in 
boiling  alcohol,  mid  precipitablc,  on  cooling,  in  tlie  form  of 
nhining  scales.  Fourcroy  aiterwnrds  discovered  several  im- 
portant facts  respecting  them,  and  especially  their  resenibltuice 
to  the  substance  which  hns  been  already  described  under  ibe 
name  of  adlpocire. 

Of  the  calculi  examined  by  Thenard,  only  a  small  outnber 
were  formed  of  white  plates,  crystalline  and  shining,  and  en- 
tirely adipociroud.  Many  consisted  of  yellow  lamina;  coo- 
taining  from  88  to  9i  per  cent,  of  adipocire,  and  six  or  twelve 
of  a  colouring  substance.  A  few  were  greenish  on  the  out- 
side, and  yellow  in  the  interior;  several  were  covered,  in 
spots  at  least,  with  a  blackish  brown  crust,  containing  Terj 
little  adipocire,  but  internally  were  like  the  rest.  In  all,  ex- 
cepting the  perfectly  white,  there  were  traces  of  bile,  discorefa* 
ble  by  the  action  of  water. — Cidcult  from  the  intestines  were 
found  to  be  similar  to  those  of  the  gall-bladder. 

It  was,  iherelorc,  concluded  by  Fourcroy,  that  some  of  1m 
calculi  of  the  human  gall-bladder  consist  entirely  of  adipocire; 
and  that  others  are  comjiosed  of  the  same  substance,  with  tlie 
addition  of  a  quantity  of  colouring  matter,  which  i:>  eitlm 
yellowish  or  dark  brown.  When  of  the  former  colour,  B 
appears  not  to  difler  from  the  ydlniv  matter  of  ilic  bile;  an4 
when  of  ilie  latter,  to  be  the  same  substance  wiih  an  execMol 
carbon. 

Chevreul,  however,  has  given  to  the  crystalline  mailer  w 
biliary  calculi,  the  name  of  chnleslerhie,  because  it  differs  Urtn 
from  spermaceti  and  from  adipocire  in  not  l>eing  capable  of 
aBbrding  a  soap  with  alkalis.     He  has  found,  aUo,  that  irM> 
heated  with  an  equal  weight  of  strong  nitric  acid,  a  peculi*' 
acid  is  formed,  which  he  terms  the  chaleileric.     This  acid  sC" 
parntes  on  cooling  in  the  form  of  a  yellow  substance.     It  *• 
scarcely  soluble  in  water,   but  dissolves  in  alcohol,  and  iua? 
he   ciystallizL'd  by  evaporutiou.      TJ»e   sails,  which  it  lorai* 
with   poiassa,  soda,  and  ammonia,  are  very  soluble;   wiil^ 
other  bases  it  gives  compounds  which  arc  diflicuUiy  soluble*' 
By  a  heat  above  that  of  boiling  water,  it  is  decomposed.* 

■  Ann.  da  Cliiin.  «  Pliyi.  ri.  401. 
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SECTION  II L 


Of  Milk,  Eggs,  and  Ckyle. 

The  milk  is  a  flaici,  which  is  secreted,  by  animals  of  tlic 
class  MammaUa,  for  the  nourishment  of  their  young.  Though 
differing  considerably  in  the  different  ftpecies  of  animals,  yet 
il  admits  of  the  following  general  description  : 

It  is  an  opaque  liquid,  of  a  white  colour,  with  sometimes  a 
slight  tinge  of  blue  or  yellow.  Its  taste  is  sweetish  and  grate- 
Ibl;  but  varies  occasionally,  as  does  its  colour  also,  with  the 
food  of  the  animal.  Its  specific  gravity  is  variable ;  that  of 
cows*  milk,  according  to  Brisson,  being  about  1020,  and  that 
of  ewes*  milk  1040. 

The  milk  may  be  resolved,  partly  by  standing,  and  partly 
by  agents  that  do  not  essentially  alter  the  nature  of  its  com- 
ponents, into  three  proximate  ingredients,  the  cream,  curd, 
ind  whey, 

I.  Tlie  cream  rises,  as  is  well  known,  to  the  surface  of 
milk  after  it  has  stood  for  some  hours ;  and  the  proportion 
may  be  ascertained  by  a  very  simple  instrument,  proposed  by 
Mr.  Johnson.  It  consists  of  a  glass  tube,  10  inches  long, 
graduated  into  100  e(]ual  parts,  into  which  the  recent  milk  is 
to  be  put,  for  spontaneous  separation  of  the  cream*  Cream 
has  many  of  the  properties  of  an  oil ;  is  smooth  and  unctuous 
to  the  touch;  and  stains  cloth  in  the  same  manner  as  other 
&t  substances.  By  standing  for  some  days,  it  becomes  gra- 
dually thicker,  and  at  length  forms  a  soil  solid,  in  which  the 
flavour  of  cream  is  no  longer  perceived,  and  that  of  cheese  is 
^bstituted  in  its  place.  Cream,  of  the  specific  gravity  1 .0244, 
^«  composed,  according  to  Berzelius,  of 

Butter 4.5 

Cheese   3.5 

Whey 92.0 

100. 


*  Thomson's  Annals,  x.  304. 
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But  as  92  parts  of  whey  contain  4.4  of  sugar  of  milk  and 
salts,  it  follows  that  cream  contains  125  per  cent,  of  solid 
matter. 

When  cream  is  agitated,  as  is  done  by  the  common  process 
of  churning,  it  separates  into  two  parts,  a  thick  animal  oil, 
well  known  by  the  name  of  butter,  and  a  fluid  which  possesses 
exactly  the  same  properties  as  milk  that  has  been  deprived  of 
its  cream.  This  change  has  been  supposed  to  be  owing  to 
the  combination  of  the  cream  with  the  oxygen  of  the  atmo- 
sphere ;  but  it  takes  place,  though  perhaps  not  equally  well}  in 
vessels  from  which  the  air  is  excluded. 

Butter  has  generally  a  yellow  colour  and  a  soft  consistence. 
At  the  temperature  of  96^  or  98*°,  it  melts,  and  when  kept 
in  this  state  for  some  time,  a  portion  both  of  whey  and  curd 
separates  from  it.  Its  transparency  is  thus  increased,  but  its 
taste,  at  the  same  time,  rendered  less  agreeable.  In  this  state, 
however,  it  may  be  kept  longer  without  becoming  rancid  ;  and 
it  is  not  improbable  that  it  is  in  part  by  combination  with  the 
whey,  that  salt  contributes  to  the  preservation  of  butter. 
Butter,  therefore,  may  be  considered  as  an  animal  oil,  united 
with  a  portion  of  whey  and  of  curd. 

When  milk,  either  deprived  or  not  of  its  cream,  is  mixed 
With  certain  substances,  or  even  allowed  to  stand  till  it  be- 
comes sour,  it  undergoes  a  change  which  is  called  coagula- 
tion, consisting  in  its  separation  into  a  solid  substance  termed 
curd,  and  a  fluid  called  whey.  This  change  may  be  effected 
by  several  agents;  by  all  acids,  and  by  many  neutral  salts; 
by  gum,  sugar,  and  certain  vegetable  juices ;  by  the  gastric 
fluid;  and  especially  by  the  infusion  of  the  inner  coat  of  a 
calPs  stomach  called  rcvnet.  The  precipitation  by  acids, 
Scheele  has  explained,  by  supposing  that  they  form,  with  the 
curd,  a  combination  which  requires  more  water  for  solution 
than  milk  contains;*  and  accordingly  the  curd  is  found  al- 
ways to  contain  a  portion  of  that  acid  by  which  coogulation 
has  been  produced.  But,  in  other  cases,  the  coagulatiou 
cannot  be  thus  accounted  for;  and  is,  indeed,  altogether  in- 
explicable.    Thus  the  infusion  of  a  piece  of  calf's  stomach. 


*  Essajrsy  p.  S67. 
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not  ktfger  thim  half  a  crowiif  coagulates  a  quantity  of  milk 
soffident  for  making  a  cheese  of  sixty  pounds*  weight ;  *  al- 
though the  quantity  of  coagulating  matter  cannot  in  this  case 
iBKoeed  a  lew  grains. 

The  omrd  of  milk,  when  pressed,  salted,  and  partly  dried, 
conpoaea  cheese.    In  good  cheese,  however,  there  is  always 
s  large  proportion  of  butter,  which  is  enveloped  in  the  cuni, 
ad  is  not  afterwards  easily  separable.     Curd,  therefore^  for 
eihibiting  its  chemical  properties,  should  be  prepared  from 
fliiik,  which  has  been  depriTed  of  cream,  and  should  be  made 
bjthe  intervention  of  rennet.    It  is  a  white  solid  substance, 
iaiduble  in  water  and  in  alcohol,  but  readily  soluble  in  pure 
ilkalis^  and  precipitable  therefrom  by  acids,  though  in  a  state 
■ore  like  tallow  than  the  original  curd.    During  solution  in 
•bdis,  a  strong  smell  of  ammonia  is  produced ;  and  hence 
card  appears  to  be  converted,  by  their  action,  into  volatile 
alkali  and  fat.    Liquid  ammonia  also  dissolves  curd,  and  it 
ippears  to  be  soluble  by  the  pure  alkaline  earths.    From  the 
Kiemblance  of  its  properties  to  those  of  the  coagulated  white 
of  an  egg,  Scheele  was  induced  to  regard  cheese  as  identical 
vith  albumen ;  and  it  is  not  improbable  that  if  the  curd  could 
k  obtained  perfectly  pure,  their  properties  would  exactly 
agree.    By  the  combustion  and  calcination  of  curd,  it  appears, 
Wever,  to  aflEbrd  a  larger  proportion  of  phosphate  of  lime 
and  other  saline  substances,  than  is  obtained  from  the  coagu- 
lated white  of  an  egg. 

Berzelius  found  that  the  ashes,  obtained  by  incinerating 
dieese,  amount  to  6.5  per  cent,  of  its  weight.  The  ash  con- 
«its  chiefly  of  earthy  phosphates,  with  a  little  pure  lime ; 
bot  contains  neither  alkali  nor  oxide  of  iron.  Cheese,  di- 
lated with  muriatic  acid,  loses  its  earthy  phosphates,  and 
afterwards  burns  away  without  leaving  any  ash.  The  presence 
^'lo  large  a  quantity  of  the  earthy  phosphates,  in  the  most  nu- 
tritious part  of  milk,  may  be  regarded,  Berzelius  justly  ob- 
*ar?e8,  as  a  wise  provision  of  nature  ;  and  peculiarly  adapts 
^ilk  to  the  nutrition  of  young  animals,  in  whose  economy 
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there  exisU  the  greatest  demand  for  the  earthy  phosphate% 
for  the  purpose  of  ossification. 

Clieese  is  generally  considered  as  insoluble  in  water ;  but 
if  it  be  precipitated  from  milk  by  sulphuric  acid,  then  wdl 
pressed,  and  digested  with  carbonate  of  baryta,  cheese  aflfords 
with  water  a  yellowish  solution  resembling  a  solution  of  gum. 
The  solution  boiled  in  an  open  vessel  becomes  covered  with  a 
white  pellicle,  precisely  as  milk  does,  and  acquires  the  smell  of 
boiled  milk. 

Cheese  produces,  with  the  mineral  acids,  the  same  combi- 
nations as  albumen  and  fibrin,  though  its  neutral  compounds 
are  less  soluble  than  those  of  fibrin.  A  great  excess  of  acetic 
acid  is  required  to  dissolve  cheese,  and  the  neutral  compound 
formed  with  this  acid  appears  to  be  insoluble.  When  it  bft* 
not  been  completely  separated  from  butter,  this  floats  upon 
the  surface  of  its  solution  in  acetic  acid.  Alcohol  converts 
cheese  into  an  adipocirous  and  foetid  substance. 

In  addition  to  the  substances  before  found  in  cheese,  Proust 
has  discovered  two  new  ones,  viz,  a  combustible  acid  and  a 
combustible  oxide,  both  of  which  he  believes  to  be  the  pro* 
duce  of  the  fermentation  of  the  curd.  They  may  be  obtained 
as  follows : — The  curd  of  milk  is  to  be  kept  several  days  under 
water,  and  then  put  into  a  botde  containing  water  enough  to 
cover  it  a  few  inches,  the  mouth  being  closed  by  a  small  plate 
of  glass.  No  gas  is  evolved ;  but  acetic,  phosphoric,  and 
caseic  acids  are  produced,  all  saturated  with  ammonia,  which 
is  generated  at  the  same  time.  The  fluid  may  be  withdrawn, 
and  replaced  by  fresh  water,  when  the  same  changes  will  go 
on  as  before.  These  washings,  evaporated  in  a  silver  basin 
and  left  to  stand  a  few  days,  solidify  into  a  saline  mass  slightly 
transparent,  and  tasting  strongly  of  cheese.  The  three  salts 
already  mentioned  are  to  be  dissolved  by  alcohol,  and  the  so- 
lution boiled  with  carbonate  of  lead.  The  phosphoric  acid, 
forming  an  insoluble  salt,  is  thus  separated  ;  and  the  mixture 
of  caseate  and  acetate  of  lead  is  to  be  decomposed  by  sulphu- 
reted  hydrogen.  The  two  acids  remaining  in  solution  are 
separated  from  each  other  by  distillation,  the  acetic  only 
being  volatile. 
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(kuek  acid  is  of  the  colour  and  consistence  of  syrup ;  red- 
dens  litmus  paper ;  and  has  an  acid  bitter  taste  mixed  with 
that  of  cheese.  It  concretes,  on  standing,  into  a  granular 
tnnqMurent  mass  like  honey.  It  does  not  affect  lime  water, 
Boriate  of  tin,  or  acetate  of  lead.  It  precipitates  the  oxides  of 
alyer,  gold,  and  mercury,  but  not  the  oxides  of  metals  that 
nore  strongly  attract  oxygen.  With  infusion  of  galls,  it  pro- 
duces a  thick  white  precipitate.  Nitric  acid  converts  it  into 
Qialic  acid,  forming  at  the  same  time  a  litde  benzoic  acid  and 
some  of  the  yellow  bitter  principle. 

Caseale  of  ammonia  has  a  sharp  saliue  bitter  taste  mixed  with 
that  of  cheese,  to  which  indeed  it  appears  chiefly  to  commu- 
ucate  flavour.  It  always  contains  an  excess  of  acid,  and  is 
not  crystallizable. 

The  caseous  oxide  remains  after  the  action  of  alcohol  on  the 
ttline  mass  before  described,  constituting  a  bulky  white  pow« 
tier.  It  is  to  be  purified  by  washing  with  water  till  deprived 
of  all  cheesy  taste ;  and  afterwards  by  boiling  in  water,  filtering, 
ttd  evaporation,  during  which  the  oxide  forms  films  on  the 
nrface,  which  are  to  be  separated,  washed,  and  dried.  It  is 
dmost  tasteless,  soft  to  the  touch,  crumbles  under  the  fingers, 
vid  when  pressed  hard  has  a  peculiar  greasy  feel.  It  begins  to 
dissolve  in  water  at  140^.  Hot  alcohol  dissolves  very  little, 
^  it  separates  on  cooling  in  crystalline  grains.  It  is  insolu- 
ble in  ether,  but  disappears  rapidly  in  liquid  potossa. 

Caseous  oxide  occurs  frequently  in  cheese  in  detached  points, 
And  forms  those  small  particles  which  aflect  the  teeth  like  an 
^ihy  and  dry  substance.  The  oxide  and  caseate  of  ammo- 
nia togedier  constitute  from  30  to  35  per  cent,  of  good  cheese. 
(Quarterly  Journ.  vii.  391.) 

'fhe  whey,  or  liquid  which  remains  after  the  separation  of 
all  the  curd,  is  a  thin  and  almost  transparent  fluid,  of  a 
yellowish  green  colour  and  a  pleasant  sweetish  taste.  It  still 
contains,  generally,  a  portion  both  of  curd  and  of  butter ; 
^c  former  of  which  may  be  separated  by  a  boiling  heat«  in 
^heform  of  a  coagulum.  The  buttery  matter,  also,  separates 
^y  heat,  especially  if  the  whey  be  previously  allowed  to  be- 
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come  soar.*    Wbey  contains,  indeed,  in  its  reoent  state,  aome 
nncomblned  acetic  acid. 

When  whey  which  has  been  deprived,  as  mudi  as  possible^ 
of  the  batter  and  curd,  is  slowly  evaporated,  it  yields  the 
substance,  already  described  under  the  name  of  sugar  of  milk. 
Besides  this  substance,  it  contains,  also,  several  saline  bodies, 
viz,  muriate  of  potassa,  phosphates  of  lime  and  of  iron,  and 
sulphate  of  potassa  ;  and  a  peculiar  animal  matter,  which  gtrei 
a  precipitate  with  infusion  of  galls,  and  affords  carbonate  of 
ammonia  by  distillation.  Sour  whey  contains  also  a  pecnikr 
acid  called  the  lactic. 

From  this  account  of  the  composition  of  milk,  several  pro- 
perties of  the  entire  fluid  may  be  understood.  When  fresh 
milk  is  boiled,  its  albuminous  part  is  not  coagulated  into  a 
mass  like  the  white  of  an  egg,  on  account  of  the  large  quan- 
tity of  water  through  which  it  Is  diffused ;  but  a  thin  pellicle 
forms  on  the  surface,  which,  if  removed,  is  immediately  re- 
placed by  another ;  and  thus  the  whole  of  the  albumen  may 
be  separated  in  successive  portions.  If  the  pellicle  fidl  to  the 
bottom,  it  becomes  burnt,  and  gives  the  milk  a  peculiar 
flavour. 

In  order  to  procure  butter  from  milk,  it  is  not  necessary, 
in  the  first  place,  to  separate  the  cream ;  for  butter  may  be 
obtained  at  once  by  the  churning  of  milk,  and  has  then  the 
name  of  milk-butter.  It  is  inferior,  however,  to  butter  made 
from  cream,  in  consequence  of  its  containing  a  larger  pro- 
portion both  of  whey  and  of  curd. 

Milk  is  susceptible  of  the  vinous  fermentation,  and  is  em- 
ployed, by  the  Tartars,  in  making  a  sort  of  wine,  which  they 
call  Koumiss.*  It  is  prepared  chiefly  from  mares'  milk,  and 
has  an  agreeable  sweetish  taste.  By  distillation,  it  yields  a 
considerable  quantity  of  alcohol.  What  is  most  remarkable 
with  respect  to  this  fermented  liquor,  is  that  it  does  not  appear 
to  owe  its  origin  to  the  saccharine  part  of  the  fluid;  for  Four- 
croy  and  Vauquelin  have  found  that  milk,  afl:er  fermentation, 
yields  as  much  sugar  of  milk  as  before. 

♦  Cheshire  Report,  page  262.  f  37  Phil.  Mag.  6. 
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There  appears  to  be  a  oonaiderable  difierence  in  the  quality 
of  the  milk  of  different  animaU.  Human  millc  is  sweeter 
than  that  of  cows ;  and  yields  a  larger  proportion  of  cream ; 
but  from  this  the  butter  cannot  be  separated  by  agitation.  It 
deposits,  also,  a  part  of  its  curd  by  mere  repose.  Asses' 
milk  bears  a  stronger  resemblance  to  human  milk  than  to  any 
other.  The  cream  is  but  in  small  quantity,  and  yields  a  soft, 
white,  and  nearly  tasteless  butter.  The  curd  is  so  abundant, 
as  ewea  to  separate  on  standing,  before  the  milk  becomes  sour. 
Ooat^s  milk  yields  a  remarkably  thick  and  unctuous  cream, 
and  abounds  also  in  curd.  The  milk  of  sheep  bears  a  strong 
resemblance  to  that  of  cows,  and  yields  a  large  proportion  of 
enrd  of  a  fat  and  unctuous  kind.  Mares'  milk  is  thin,  in- 
sipid, and  affords  very  little  cream,  from  which  it  is  rery 
difficult  to  separate  any  butter  by  agitation. 

The  constituents  of  skimmed  cows'  milk  are  stated  by  Ber« 
selius  as  follows  :* 

Water 928.75 

Cheese,  with  a  trace  of  butter  ••...••.  28.00 

Sugar  of  milk 35.00 

Muriate  of  potassa •••.•••«  1.70 

Phosphate  of  potassa • 0.25 

Lactic  acid,  lactate  of  potassa,  and  al  ^^^ 

trace  of  lactate  of  iron  J 

Earthy  phosphates  ...•••• O.SO 

1000, 
Of  Eggs. 

Eggs  have  lately  been  attentively  examined  by  Dr.  Proot, 
(Phil.  Trans.  1822),  in  the  course  of  an  inquiry  into  the 
changes  that  occur  during  incubation.  The  specific  gravity 
of  new  laid  eggs  was  found  to  vary  from  1.080  to  1.090.  By 
long  keeping,  they  become  specifically  lighter  than  water,  in 
consequence  of  the  substitution  of  a  quantity  of  air,  for  the 
water  which  escapes  through  their  pores.    They  suffer  also  a 
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great  loss  of  weight,  amounting  on  an  average  to  little  short  of 
a  grain  per  day.  Of  an  egg  weighing  1000  grains,  the  shell 
constitutes  about  106  grains,  the  white  604,  and  the  yolk  290| 
or  thereabouts. 

Eggs  lose  a  little  of  their  weight  by  being  boiled,  and  the 
water  becomes  impregnated  with  about  0.3  grains  of  saline 
matter  from  an  egg  of  common  size.  This  saline  fluid  is  found 
on  evaporation  to  be  strongly  alkaline,  and  to  contain  also 
animal  matter,  sulphuric  and  phosphoric  acids,  chlorine  lime, 
magnesia,  and  carbonates  of  those  earths,  all  which  substances 
exist  both  in  the  white  and  the  yolk. 

The  shell  contains  about  2  per  cent,  of  animal  matter,  with 
1  per  cent,  of  phosphates  of  lime  and  magnesia,  the  rest  being 
carbonate  of  lime  with  a  little  carbonate  of  magnesia.  Vaa- 
quelin  found,  also,  in  the  burnt  sliells,  traces  of  iron  and  sut* 
phur. 

The  yolk  of  the  e^rfr^  besides  the  more  common  ingredients 
of  animal  fluids,  contains  a  considerable  portion  ofuncom- 
bined  phosphorus ;  which,  when  the  dried  yoHc  is  burnt,  forms 
a  glassy  coating  of  phosphoric  acid,  that  effectually  defends  the 
charcoal  from  combustion.  In  the  white  of  egg,  which,  as 
has  been  already  stated,  consists  chiefly  of  albumen,  sulphar 
exists  in  a  free  state,  and  by  combustion  becomes,  as  Berze* 
lius  has  remarked,  changed  into  sulphuric  acid.  The  yolk 
communicates  to  heated  alcohol  a  deep  yellow  colour,  and  on 
cooling,  crystals  of  a  sebaceous  matter  are  deposited,  and  a  por- 
tion of  a  yellow  semi-fluid  oil.  On  distilling  off  the  alcohol,  the 
oil  may  be  obtained  separate.  In  one  instance,  the  yolk,  weigh- 
ing 316.5  grains,  contained  170.2  water,  55.3  albumen,  and  91 
yellow  oil ;  but  these  proportions  varied  in  different  instances. 
The  proportions  of  the  saline  matter,  both  of  the  white  and 
yolk  to  each  other,  appear  liable,  also,  to  considerable  variation. 

Of  Chyle. 

The  chyle  has  been  lately  examined  by  Mr.  Brande,  who 
obtained  it  from  the  thoracic  duct  of  an  animal,  about  four 
hours  after  taking  food.  If  taken  at  a  longer  interval,  it  is 
mixed  with  a  greater  or  less  proportion  of  lymph.  When 
unmixed  with  blood,  it  has  the  following  properties. 
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1.  It  is  an  opique  flaid  of  a  perfectly  white  colour,  wltbout 
HDdl,  and  having  a  slightly  salt  taste,  accompanied  by  some 
degree  of  sweetness. 

2.  It  does  not  afiect  the  colour  of  litmus  or  turmeric,  but  it 
ilovly  changes  violet  paper  to  green. 

3.  Its  specific  gravity  somewhat  exceeds  that  of  water,  but 
kless  than  that  of  blood. 

4*  lo  about  ten  minutes  alter  being  taken  from  the  duct,  it 
aaomes  the  iqspearance  of  a  stiff  jelly,  which  in  the  course  of 
S4  hours  separates  into  two  parts,  producing  a  firm  and  con* 
tncted  coagulum,  surrounded  by  a  transparent  colourless  fluid, 
lu  spontaneous  changes,  indeed,  bear  a  striking  resemblance 
tolhose  which  take  place  in  blood. 

llie  coagulated  portion  has  a  closer  resemblance  to  the 
cheese  of  milk,  tlian  to  fibrin.  It  is  rapidly  dissolved  both 
bjrpure  and  subcarbonated  alkalis,  forming  pale  brown  com- 
poDnds.  Its  solution  in  liquid  ammonia  is  of  a  reddish  hue» 
The  scids  throw  down  a  substance  intermediate  between  fat 
ud  slbumen,  which  an  excess  of  nitric  acid  redissolves  in  the 
cold;  and  sulphuric,  muriatic,  and  acetic  acids,  by  boiling  for 
1  short  time,  also  dissolve  it. 

Sulphuric  acid,  diluted,  dissolves  the  coa/rulum,  unless  the 
vaterbe  increased  to  six  times  the  weight  of  the  acid.  Al- 
ibis do  not  precipitate  the  solution.  It  is  transparent,  of  a 
pale  brown  colour,  and,  after  the  addition  of  alkali,  is  decom- 
posed by  infusions  of  tan. 

When  the  coagulum  is  kept  some  weeks  in  one  part  of 
nitric  acid,  and  15  of  water,  it  is  converted  into  adipocire, 
Muriatic,  acetic,  and  oxalic  acids  dissolve  the  coagulum ;  but 
Neither  citric  nor  tartaric  have  any  action  on  it. 

The  serous  part  of  the  chyle^  when  heated,  becomes  slightly 
turbid,  and  deposits  flakes  of  albumen.  The  clear  liquid,  by 
evaporation  to  half  its  bulk,  deposits  crystals,  bearing  a  strong 
'Ambiance  to  sugar  of  milk.  They  are  soluble  in  20  parts 
^  Water  at  60^  Fahrenheit,  or  in  four  of  boiling  water,  and  the 
^^te  of  the  solution  is  extremely  sweet.  By  nitric  acid,  they 
^  converted  into  a  white  powder,  having  the  properties  of 
^^holaclic  acid,  as  described  by  Scheele. 

The  destructive  distillation  of  the  serous  part  of  chyle 
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ftfibrded  a  miaute  quantity  of  charcoal,  with  traoet  of  phot- 
phate  of  lime^  and  df  muriate  and  carbonate  of  soda. 

From  these  experiments,  it  appears  that  diyle  bean  a 
striking  analogy  to  milk,  not  only  in  its  external  appearance, 
but  in  chemical  properties  and  composition.  It  must  be  ac* 
knowledged,  however,  that  the  results,  which  have  been  de- 
scribed, are  not  perfectly  coincident  with  those  obtMned  by 
Emmert  and  Vauquelin^  each  of  whom  submitted  to  analysis 
the  chyle  of  the  horse.  Emmert  was  unable  to  discoiver  the 
smallest  ti*ace  of  sugar  of  milk ;  *  and  Vauquelin  found  also^ 
1st,  a  large  proportion  of  albumen ;  2d,  a  smaller  one  of 
fibrin ;  Sd,  a  fatty  substance^  which  gives  to  the  chyle  the 
appearance  of  milk  ;  and  4thly,  several  salts,  such  as  potassa, 
muriate  of  potassa,  and  pro-phosphate  of  iron.t  Berselius, 
also,  appears  to  distrust  the  analogy  between  chyle  and  milk.:^ 

The  most  recent  examinations  of  the  chyle  are  by  Drs.  Mar- 

cet  and  Prout,  who  compared  the  chyle  from  two  dogs,  the 

one  exclusively  fed  on  animal,  the  other  on  vegetable  food. 

Their  results  are  contained  in  the  fi[dlowing  Table.  (Ann.  of 

PhiL  XV.  25.) 

Vegetable  Food.  Animal  Food. 

Water  ..., 9S.6      89.2 

Fibrin    0.6      0.8 

Incipient  albumen  ?  •  • .  •     4.6 4.7 

Sugar  of  milk  ?•••••••  a  trace •      — 

Oily  matter a  trace  • trace 

Saline  matters • . .     0.8     0.7 

100.  100. 


SECTION  IV. 

Of  ike  Mucus  of  ike  Nose;  ike  Tears;  ike  Humours  ^  (he 
Eye  ;  and  ihe  Liquor  of  Surfaces  and  ofCaviiies,  i^c. 

1.  Tke  mucus  of  the  nose  was  examined  by  Fourcroy  and 
Vauquelin,  in  the  state  in  which  it  is  discharged  during  catarrh. 

•  80  Ann.  de  Chemie,  81.  \  81  Ann.  de  Chimie|  113. 

{  View  of  Animal  Chemistry;  p.  74. 
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bi  prindiMl  qoalidet  appear  to  be  owing  to  the  large  propor- 
tion, which  it  oonUiDiy  of  the  sobstance  termed  by  Dr.  Boa« 
iofk  animal  maciu.  By  exposure  to  the  air,  this  substance 
beoomea  yiscid ;  bat,  when  recently  secreted,  Its  consistence 
does  not  appear  to  be  thicker  than  that  of  tears.  It  contains, 
bnides  other  neutral  salts,  a  small  proportion  of  carbonate  of 
nda;  and  hence  it  precipitates  the  solutions  of  baryta  and  of 
faie*  Water  does  not  dissolve  it,  and  it  can  only  be  brought 
\H»  a  state  of  diflusion  by  agitation.  The  acids  thicken 
k^when  used  in  smaU  quantiQr;  but  in  a  larger  propor- 
tioa  they  dissolve  it.  Pure  liquid  alkalis  decompose  it,  and 
fldricate  ammonia.  Chlorine  renders  it  thick  and  dry ;  and 
ndoees  it  to  a  state  almost  resembling  parchment. 
Bsraelios  found  the  mucus  of  the  nose  to  consist  of 

Water 9S3.7 

Mucous  matter  •  • 53.3 

Muriates  of  potassa  and  soda 5.6 

Impure  lactate  of  soda. 0.9 

Albumen  and  animal  matter,  insoluble^       ^  ^ 
in  water,  but  soluble  in  alcohol  • .  • ./ 

1000. 

2.  Hie  tears  appear  to  differ  from  the  mucus  of  the  nose  in 
no  respect,  except  in  being  of  a  more  fluid  consistence.  They 
are  perfectly  pellucid,  have  a  saline  taste,  and  a  specific  gra« 
^ty  rather  greater  than  that  of  water.  They  change  the  colour 
of  syrup  of  violets  to  green,  owing  to  their  containing  a  por* 
^on  of  uncombined  soda.  Mr.  Hunter  found  that  when  tears 
^  exposed  to  a  temperature  of  160°,  a  coagulum  is  formed ; 
J  and  that  a  substance  still  remains  in  solution,  which  is  coagul- 
^We  by  Goulard's  extract  of  lead.  These  properties  indicate 
^^  presence  both  of  albumen  and  of  mucus.  By  evaporation, 
^e  tears  afford  a  yellow  extract,  which  is  insoluble  in  water, 
^t  is  readily  soluble  in  alkalis.  Sulphuric  acid  disengages 
^^tn  this  extract  both  carbonic  acid  and  muriatic  acid  gases. 

•87  Ann.  de  Chim,  1 13.  f  View  of  Animal  Chemistry,  p.  T4. 
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After  its  combustion,  phosphate  of  soda  and  phosphate  of  lime 
are  also  discovered  in  it.  Fresh  tears  are  decomposed  by 
chlorine,  and  a  precipitate  is  thrown  down  in  flakes,  which 
resembles  the  matter  obtained  by  evaporation.  Tears,  there- 
fore, are  composeil  of  water ;  an  animal  fluid  resembling 
albumen ;  anotlier  fluid  which  is  probably  mucus ;  and  various 
neutral  salts. 

S.  The  humours  of  the  eye.  The  aqueous  humour  is  a  clear 
transparent  liquid,  of  the  specific  gravity  1009.  It  has  little 
smell  or  taste,  and  scarcely  nfiects  blue  vegetable  colours.  By 
evaporation  it  leaves  a  residuum,  amounting  to  about  8  per 
cent.  Boiling  occasions  a  slight  coagulation ;  and  tan  preci- 
pitates it,  both  before  and  after  being  heated.  Nitrate  of  silver 
precipitates  muriate  of  silver  from  it,  but  do  other  metallic 
salts  affect  it.  Hence  it  may  be  inferred,  that  the  aqueous 
humour  consists  of  a  large  proportion  of  water;  and  of  albu- 
men, gelatine,  and  several  neutral  salts. 

The  vitreous  humour  agrees  with  the  aqueous  as  to  the 
nature  of  its  ingredients,  and  differs  only  in  their  proportion. 
In  the  crystalline  lens,  both  albumen  and  gelatine  are  present 
in  considerably  larger  quantity.  It  is  soluble  in  cold  water; 
but  the  solution  is  coagulated  by  heat,  and  by  the  addition  of 
tan.  Its  specific  gravity  is  nearly  1 100. — It  appears,  there- 
fore, that  all  the  humours  of  the  eye  are  composed  of  the  same 
ingredients,  and  differ  only  in  the  proportion  which  they  bear 
to  each  other. 

A  recent  analysis  of  the  humours  of  the  eye  by  Berzelius, 
has  determined  their  composition  as  follows : 

Aqueous  Humour.         Vitreous  llumoor. 

Water 98.10   98.40 

Albumen a  trace 0.16 

Muriates  and  lactates 1.15    1.42 

8oda  with  animal  matter  1      ^  ^. 

soluble  in  water /      ^'^^    ^-^^^ 


100.  100. 

The  lens  of  the  eye  was  found  to  be  composed  of 
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Water 5S 

Peculiar  matter 35.9 

Muriates,  lactates,  and  animal  matter  soluble  \   ^  . 
in  alcohol J    ^'^ 

Animal  matter  soluble  only  in  water 1.3 

Insoluble  membrane. 2.4 


100. 

In  the  ashes  of  the  crystalline  lens,  Berzelius  found  only 
minute  traces  of  iron ;  but  in  those  of  the  black  matter  which 
covers  the  choroid  coat,  he  discovered  a  large  proportion  of 
the  oxide  of  that  metal.* 

4.  Liquor  of  surfaces.  On  the  surface  of  every  cavity 
throughout  the  body  a  fluid  is  constantly  poured  out,  in  sufii- 
cient  quantity  to  lubricate  the  parts;  and  occasionally,  also, 
to  keep  certain  cavities  in  a  state  of  distension.  To  this  head 
may  be  referred  the  fluid  which  moistens  the  pleura  and  the 
peritonseum,  and  the  contents  of  the  pericardium,  of  the  ven- 
tricles of  the  brain,  and  of  the  amnios.  It  is  only  a  part  of 
these,  however,  that  have  been  accurately  examined. 

The  liquor  of  the  pericardium  has  been  analyzed  by  Dr. 
Bostock.  It  had  the  appearance  of  the  serum  of  the  blood ; 
and  when  exposed  to  the  heat  of  boiling  water,  became  opaque 
and  gelatinous.  By  slow  evaporation  it  left  a  residuum  equal 
to  Vt  of  the  whole.  It  was  precipitated  by  bichloride  of 
mercury ;  after  the  action  of  whicli  infusion  of  galls  had  no 
efiect,  but  a  copious  sediment  was  produced  by  Goulard's  ex- 
tract. From  these  characters.  Dr.  Bostock  is  disposed  to  conr 
sider  it  as  a  compound  of  albumen  and  mucus  with  muriate  of 
soda  and  water,  but  without  any  gelatine.  The  following 
proportions  he  assigns  as  approximations ; 

Water    92 

Albumen 5,5 

Mucus 2 

Muriate  of  soda 0.5 

lOO.t 


•  Ann.  dc  Chim.  et  Phy».  v.  51.  t  Nicholson's  Journal,  xiv.  14T. 
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The  liquor  of  die  amnios,  or  the  fluid  which  rarrounds  the 
foetus,  is  stated  by  Vauquclin  and  Buniva  to  be  remarkable^ 
in  the  cow,  for  affording  a  peculiar  acid,  already  described 
under  the  name  of  the  amniotic ;  but  Dn  Prout,  who  has 
since  examined  this  liquor  with  much  attention,  was  not  able 
to  detect  any  such  principle.f  The  liquor,  on  which  he  made 
his  experiments,  had  the  sp.  gr.  1.018.  Its  taste  was  bland 
and  sweetish  like  fresh  whey;  and,  when  concentrated  by 
evaporation,  it  yielded  crystals  of  sugar  of  milk.  It  coOMted 
of 

Water • .  977 

Albumen • 2.6 

Substance  soluble  in  alcohol 1 6.6 

Saline  substances  and  sugar  of  milk. .  •  • .      3.8 

1000. 

In  the  human  subject,  the  composition  of  the  liquor  of  the 
amnios  is  entirely  different;  none  of  the  amniotic  acid  appear* 
ing  to  exist  in  it.  The  only  ingredients,  that  are  found  in  it^ 
are  albumen,  gelatine^  with  a  portion  of  muriate  and  carbonate 
of  soda  and  some  phosphate  of  lime.  It  is  precipitated  by 
heat,  by  acids,  by  alcohol,  and  by  infusion  of  galls. 

5.  Lymph.  The  fluid  found  in  the  thoracic  duct  of  animals 
that  have  been  kept  24  hours  without  food,  is  perfectly  trans- 
parent and  colourless,  and  seems  to  differ,  in  no  respect,  firon 
that  which  is  contained  in  the  lymphatic  vessels.  Its  proper- 
ties are  described  by  Mr.  Brande  as  follows: 

{a)  It  is  miscible  in  every  proportion  with  water. 

{b)  It  produces  no  change  in  vegetable  colours. 

(c)  It  is  neither  coagulated  by  heat,  by  acids,  nor  by  al* 
cohol,  but  is  rendered  slightly  turbid  by  the  last-mentioned 
agent. 

{d)  It  gives,  on  evaporation,  a  very  sparing  residuum,  which 
turns  the  colour  of  violet  paper  green.  By  incineration,  this 
matter  gives  a  very  little  nmriate  of  soda,  but  no  iron. 

(e)  When  submitted  to  electrical  action,  there  was  an  evolu- 


•  Thomson's  Aon.  v.  4?|. 
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m  of  alkaKf  and  a  lepantUm  of  albumen,  at  the  negative 
la.  At  the  poaitive  wire,  muriatic  acid  only  seemed  to  be 
wfed* 

S.  Psffw— -Pot  is  the  fluid  secreted  by  an  inflamed  surfiu;e^ 
{eaerallj  towards  the  close  of  the  inflammation.  It  is  of  a  yel* 
Bvish  white  colour,  and  of  the  consistence  of  thick  cream ;  has 
h^).  gr.  1 .031  to  1 .033 ;  is  insipid  and  inodorous  when  cold ; 
■d  when  examined  by  the  microscope^  exhibits  white  globules 
nimming  in  a  transparent  fluid.  It  produces  no  change  on 
vegetable  colours  in  its  recent  state,  but  becomes  acid  on  ex- 
poiore  to  the  air. 

Pus  is  not  easily  miscible  with  water,  and  when  agitated 
with  it,  the  pus  sinks  to  the  bottom  on  standing.  Diluted  sul- 
phone  acid  does  not  act  upon  it,  but  concentrated  sulphuric, 
Bmriatic,  and  nitric  acids  dissolve  it*  Alkaline  solutions 
bm  with  it  a  whiteish  ropey  fluid,  which  is  precipitated  on 
idding  water.  Pure  ammonia  changes  it  to  a  transparent 
jeDy,  and  dissolves  a  considerable  proportion  of  it. 

Pds  yields  a  white  precipitate  with  nitrate  of  silver,  and  a 
■tin  more  copious  and  flakey  one  with  nitrate  and  with  bi- 
ddoride  of  mercury.  Its  characters  appear,  however,  to  be  liable 
to  several  modifications,  which  are  described  by  Dr.  Pearson 
ID  the  Phil.  Trans,  for  1810.  The  criteria  proposed  for  distin- 
piibing  pus  from  mucus.  Dr.  Pearson  did  not  find  at  all 
■tisfBctory;  but  the  following  has  since  been  proposed  by 
Qnsmeyer.  Triturate  the  fluid  to  be  tried  with  an  equal  quan- 
tity of  warm  water;  then  add  to  it  an  equal  portion  of  a  satu- 
nied  solution  of  subcarbonate  of  potassa ;  and  set  the  mixture 
^dc.  If  it  contain  pus,  a  transparent  jelly  subsides  in  a  few 
hours,  but  this  does  not  happen  if  only  mucus  be  present. 
(Thomson's  Chemistry,  iv.  584-.) 

1*  Synovia. — This  fluid,  which  is  found  in  the  cavities  of  the 
joints,  may,  from  its  office  of  lubricating  the  parts  in  which  it 
isibund,  he  described  in  this  place,  though  in  composition  it 
^liffers  considerably  from  the  liquor  of  surfaces.  It  is  at  first 
^viscid  liquid,  but  soon  becomes  gelatinous;  and,  after  i^e- 
^ing  some  time  in  this  state,  again  assumes  a  fluid  form, 
^  deposits  a  fibrous  matter.  Alcohol  separates  from  it  a 
P^n  of  albumen,  but  the  remaining  liquid  remains  viscid* 
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Acetic  acid  destroys  its  viscidity,  and  precipitates  s  quanta 
of  white  threads,  wliich  have  a  slrilcing  resemblance  to  vep 
tabic  j;;lu ten.  The  same  substance  is  precipitated  by  theminoi 
acids,  but  not  unless  ihcy  ore  dihited  with  n  large  tiuanlityti 
water;  for  in  their  concentrated  llirm,  they  hove  ihc  fiowerf 
dissolving  it.  By  continuing  the  analysis,  several  nctiiriil  ^ 
may  lie  obtained,  and  the  proportions  of*  the  entire  fluid  iuR| 
thus  been  stated  by  Margucron  :*  i 

Fibrous  matter 1 1.86  , 

Albumen i.52  , 

Muriate  of  soda 1.75 

Soda 0.7 1 

Fhosphnteofliiuo  0.70 

Wnter 80.+6 

100. 

8.  Thejfuid  of  perspirali'o'u  or  saeai,  lias  been  examiiicdli 
Berzelius;  but  under  the  disadvantage  of  operating  on  a  TCI 
small  quantity.  A  few  drops,  collected  and  evaporated  oi^ 
watch  glass,  lift  a  yellowish  residue,  having  all  the  appearance 
under  the  microscope,  of  the  usual  mixture  ofmuriates  of|K>t«MK 
and  soda  with  lactic  acid,  lactate  of  sodn,  anil  its  occompnnyiilf 
animal  matter.  It  reddened  litmus,  and  dissolved  in  alcobol; 
and  was,  without  doubt,  of  the  same  nature  ns  the  an^ 
gouB  matter  found  in  other  animal  fluids.  Tiie  acetic  uoii 
which  Thenai-d  supposed  he  had  discovered  in  the  fluid  rf 
perspiration,  was  most  probably  a  product  of  his  uHxle  (^ 
operating. 


SECTION  V. 

Of  Ihe  Urhie  ami  Urinary  Calai/i. 

The  mine,  lliougli  one  of  the  most  complicated  fluids 
the  aniiiinl    body,  containiiiff  at   least  a  dozen  diffi.'rent  su 

•  Aim.  dt  Chiui.  xiT. 
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itances,  is  |)erbapi  one  of  those,  the  composition  of  which  is 
Mw  best  understood.  For  a  long  period  of  time,  the  atten- 
tion of  chemists  seems  to  nave  been  limited  to  the  extraction 
of  phosphorus  and  neutral  salts  from  urine ;  but  a  new  direc* 
6oQ  was  given  to  their  labours,  by  the  valuable  discoveries  of 
Foarcroy  and  Vauquelin.*  Ilie  analysis  of  the  urine  has 
been  prosecuted,  also,  with  great  success,  in  this  country  by 
Craickshank;t  hi  Spain  by  Proust  ;X  and  more  recently  by  that 
iode&tigable  philosopher,  Irofessor  Berzelius  of  Stockholm.^ 
And  though  some  important  facts  have  been  contributed  by 
other  persons,  yet  it  is  chiefly  to  these  writers  that  we  are 
indebted  for  the  materials  of  its  chemical  histor}\ 

The  external  properties  of  the  urine  need  no  description ; 
and  indeed  none  would  apply  universally  to  a  fluid,  which  is 
constantly  varying,  not  only  in  the  diseased  but  in  the  healthy 
state  of  the  body.  The  quantity  voided  in  each  diurnal  period 
iiof  course  greatly  modified  by  circumstances.  Haller  states 
it  at  49  oz. ;  Dr.  Bostock  at  40  oz. ;  and  Dr.  Prout  at  32  oz. 
orSlb.  avoirdupois  on  the  average  of  the  whole  year.  The 
Allowing  account  of  its  chemical  properties  is  to  be  under- 
itood  as  applying  to  the  urine  which  is  voided  early  in  the 
sioraing,  or  at  least  several  hours  after  a  meal.  In  this  state 
it  has  a  deep  yellow  colour,  and  an  intensely  bitter  taste.  Its 
specific  gravity  is  variable.  Dr.  Bryan  Robinson  fixes  it  at 
1030,  water  being  1000 ;  and  Mr.  Cruickshank  found  it  to 
wy  from  1005  to  1033.  From  my  own  experiments,  I  am 
<li&posed  to  consider  the  number  stated  by  Dr.  Robinson  as  a 
^ir  general  average. 

Tile  substances,  which  appear  to  me  to  have  been  satisfac 
^r'b'  proved  to  exist  in  healthy  urine,  are  the  following : 

!•  Water. 


2.  Free  phosphoric  acid. 
^'  Phosphate  of  lime. 
^*  Phosphate  of  magnesia. 
5*  Fluoric  acid. 
6*  Uric  acid. 


7*  Benzoic  acid. 

8.  Lactic  acid. 

9.  Urea. 

10.  Gelatine. 

11.  Albumen. 

12.  I^actate  of  ammonia. 


*  Annules  de  Chiraie,  xxxi.  48.  f  Phil.  Mag.  ii.  249. 

t  Annales  de  Cliioiie,  ixuvi.  268.  §  Thonisou's  Annslfy  ii«  416» 
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IS.  Sulphate  of  potassa.  17.  Phosphate  of  Kxla« 

14>.  Sulphate  of  sodfl.  18.  Phosphate  of  ammonia, 

15.  Fluate  of  lime.  19.  Sulpbur« 

16*  Muriate  of  soda.  20.  Silica. 

The  presence  of  an  uncombined  acid  in  urine  is  shown  hf 
its  invariably,  when  recently  voided,  reddening  blue  vegetable 
colours.  This  effect  is  owing  partly  to  the  phosphoric^  and 
partly  to  the  lactic  and  uric  acids,  which  urine  contains ;  and 
Vogel  has  lately  endeavoured  to  show  that  carbonic  acid  is, 
also,  one  of  its  constituents.*  Berzelius  imagines  that  the 
weakest  acids  are  those  which  arc  most  likely  to  remain  un- 
saturated, and  to  produce  this  effect  on  vegetable  colours ;  but 
Dr.  Prout  is  inclined  rather  to  believe  that  the  uric  acid  in 
urine  is  united  with  ammonia,  and  hence  mineral  acids  cause 
a  precipitation  from  urine  by  saturating  the  ammoniacal  base. 
The  reddening  effect  he  is  disposed  rather  to  ascribe  to  the 
superphosphate  of  ammonia. 

The  lactic  and  phosphoric  acids  form  the  solvent^  by  which 
the  phosphate  of  lime  is  retained  in  solution ;  and,  if  this 
portion  of  acid  be  saturated,  the  earthy  salt  is  precipitated. 
Hence  a  few  drops  of  pure  ammonia,  added  to  recent  urine, 
occasion  a  white  cloud,  and  a  sediment  of  neutral  phosphate 
of  lime  falls,  in  the  proportion  of  about  two  grains  from  four 
ounces  of  urine.  If  lime-water  be  mixed  with  urine,  a  still 
larger  quantity  of  phosphate  of  lime  is  deposited;  for  the 
newly  added  earth  unites  with  the  free  phosphoric  acid,  and  a 
quantity  of  phosphate  of  lime  is  generated,  in  addition  to  that 
which  before  existed  in  solution.  In  the  precipitate,  formed 
by  either  of  these  processes,  a  small  proportion  of  magnesia  is 
discoverable,  which  existed,  no  doubt,  in  combination  with 
phosphoric  acid.  The  sediment  contains,  also,  according  to 
Berzelius,t  fluate  of  lime.  The  presence  of  the  last*mentioned 
substance  was  ascertained  by  adding  sulphuric  acid,  which  set 
at  liberty  vapours  of  fluoric  acid,  in  sufficient  quantity  to  cor- 
rode  glass. 

When  the  urine  has  stood  for  24?  hours  at  a  mean  temper 

*  93  Ann.  deCliiin.  71. 

t  Annales  de  Chimie,  hi,  256 ;  and  Thomson's  Annals^  ii.  4I6« 
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ratare,  the  uric  acid,  urate  of  ammonia,  and  phosphate  of  lime 
are  in  a  great  measure  deposited ;  and  still  more  speedily  and 
completely,  if  the  urine  be  first  evaporated  to  half  its  bulk* 
They  may  be  si'parated  from  each  other,  fither  by  diluted 
nitric  acid,  which  leaves  the  uric  acid,  and  takes  up  only  the 
phosphate  of  line;  or  by  calcining  the  mixture  in  a  red^heaty 
which  destroys  the  uric  acid,  but  not  the  cakareoite  pbPft'- 
phate.  By  this  operation,  the  uric  acid  is  foimd  to  vary  con^ 
•iderably ;  but  the  phosphate  of  lime  is  pretty  constantly  in 
the  proportion  of  a  grain  from  two  ounces  of  urine.  The 
quantity  of  uric  acid«  obtained  from  urine,  is  greatly  increased 
by  adding  to  that  fluid  almost  any' other  acid,  and  allowing  it 
to  stand  for  some  daysj  ot^die  end.  of  which  time  small  crystals 
line  grains  will  be  found  lining  the  inner  sur&ce  of  the  vessel.* 

The  existence  of  salts,  containing  sulphuric  acid,  in  urine» 
is  proved  by  adding  muriate  of  baryta,  to  urine  acidulated 
with  muriatic  acid.  This  excess  of  acid  prevents  the  precipi<* 
tation  of  the  phosphates,  which  would  otherwise  be  deoom* 
posed  by  the  barytic  salt/  From  the  weight  of  the  precipitate, 
Berzelius  computes  that  the  proportioQt  of  sulphuric  acid  in 
nrine  exceeds  that  of  phosphoric  acid.-^If  nitrate  of  barytai 
with  an  excess  of  nitric  acid,  be  employed,  and  if  the  urine^ 
after  depositing  the  sulphate  of  baryta,  be  evaporated,  a 
further  portion  of  sulphate  of  baryta  is  deposited  in  small 
hard  crystals.  Now  the  sulphuric  acid,  which  dfeebasions  this 
second  production  of  the  barytic  sulphate,  mttrt  have  boen 
fomied  during  evaporation;  and  can  only  be  accounted  £br 
by  supposing,  that  a  portion  of  sulphur,  existing  in  the  urinei 
has  been  acidified  by  tlie  excess  of  nitric  acid. 

The  muriates  of  potassa  and  soda  occur  both  in  blood  and 
in  urine,  and  hence  a])pear  to  pass  the  kidneys  unchanged. 
Their  presence  in  the  latter  fluid  may  be  shown  by  first  preci- 
pitating the  phosphates  and  sulphates  with  nitrate  of  baryta, 
and  then  adding  nitrate  of  silver.  A  copious  precipitation  in 
this  case  never  fails  to  be  produced. 

When  urine,  which  has  deposited  its  phosphate  of  lime  and 
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uric  acid,  is  submitted  to  distillation,  a  liquid  condenses  in 
the  receiver,  which  has  a  very  peculiar  and  nauseous  smell, 
and  effervesces  strongly  with  acids,  in  consequence  of  its  con- 
taining carbonate  of  ammonia.  In  the  retort  there  remains  a 
residuum,  which,  if  evaporated  to  the  consistence  of  honey, 
composes  from  -^*f  to  ^V  the  weight  of  the  urine.  When  a 
little  of  this  extract  is  added  to  a  quantity  of  nitric  acid, 
dilated  with  an  equal  weight  of  water,  a  number  of  shining 
white  or  yellowish  scales  are  deposited,  resembling  the  boradc 
acid,  and  in  the  proportion  of  4*  or  x  the  weight  of  the  ex* 
tract.  Tin's  precipitate  is  occasioned  by  the  action  of  the 
nitric  acid  on  the  urea,  which  is  contained  in  urine;  and  to 
the  decomposition  of  the  same  substance  is  owing  the  carbon* 
ate  of  ammonia,  obtained  from  urine  by  distillation.  (See  the 
section  on  Urea.) 

•  From  the  extract  of  urine,  the  peculiar  substance,  called 
urea,  may  be  separated  by  digesting  the  extract  repeatedly 
with  alcohol,  and  decanting  the  solutions,  which  are  to  be 
gently  evaporated.  Its  proportion  varies  very  considerably; 
but  it  has  been  stated,  by  Mr.  Cruickshank,  at  about  ^  the 
weight  of  the  urine,  or  one  half  that  of  the  inspissated  extract. 
The  undisolved  residue  contains  lactic  acid  and  a  number  of 
neutral  salts,  consisting  of  muriate  of  potasso,  muriate  of  soda, 
phosphate  of  soda,  and  phosphate  and  lactate  of  ammonia. 
Muriate  of  ammonin,  is,  also,  occasionally  found,  and  is  dis- 
solved, along  with  the  urea,  by  the  alcohol.  These  salts 
admit  of  being  separated  from  each  other  by  solution  and  eva- 
poration. The  muriates,  at  a  certain  degree  of  concentration, 
form  a  pellicle,  which  is  to  be  removed  while  the  liquor  is  hot 
The  solution,  when  cold,  deposits  two  sets  of  crystals;  rhom* 
boidal  prisms,  which  are  the  phosphate  of  ammonia;  and 
rectangular  tables,  consisting  of  phosphate  of  soda. 
.  Along  with  the  urea,  a  portion  of  benzoic  acid  is,  also, 
taken  up  by  the  alcohol.  The  presence  of  this  acid  in  urine 
may  be  shown,  by  evaporating  it  to  the  consistence  of  syrup, 
and  pouring  in  muriatic  acid;  when  a  precipitate  appears, 
which  consists  of  benzoic  acid.  In  human  urine  its  propor- 
tion is  small,  and  Berzclius  could  not  even  discover  a  trace'of 
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it  io  the  urine  of  children,  in  wliich  Scheele  states  that  he  found 
it;  but  in  that  of  herbivorous  quadrupeds,  so  large  a  quantity 
exists  as  to  be  worth  extraction.  On  the  average,  Vauquelin 
has  siiown  that  it  forms  about  -^-i^  of  the  urine  of  this  class  of 
animals.* 

If  human  urine  be  evaporated  to  the  consistence  of  syrup 
only,  and  alcohol  be  added,  the  substance  remaining  undis- 
solved is  acid.  This  acid  combines  with  ammonia,  and  the 
compound  is  soluble  in  alcohol.  From  this  solution  the  am- 
monia is  disengaged  by  lime;  and  from  the  new  salt  thus 
formed,  the  lime  may  be  precipitated  by  oxalic  acid,  which 
leaves  the  Iodic  acid  dissolved  in  water.  By  this  process,  a 
•mail  part  only  of  the  lactic  acid  is  obtained  from  urine;  the 
greater  portion  of  it  being  dissolved  by  the  alcohol,  together 
with  the  lactate  of  ammonia. 

Albumen,  gelatine,  and  mucus  exist,  also,  in  the  urine, 
but  in  very  variable  proportion.  When  urine  is  heated  nearly 
to  the  boiling  temperature,  a  white  flocculent  precipitate  oft<^n 
forms  in  it.  This  is  in  part  phos[)hate  of  lime,  thrown  down 
by  the  ammonia  resulting  from  the  decomposition  of  urea; 
but  it  also  contains  coagulated  albumen,  which  remains  after 
adding  muriatic  acid  to  dissolve  the  calcareous  phosphate. 
In  dropsy,  the  proportion  of  albumen  is  often  sufficient  to 
produce  a  distinct  coagulation  both  by  heat  and  acids.  Ge- 
latine is  discovered,  on  adding  infusion  of  galls,  by  a  preci- 
pitate which  amounts,  according  to  Mr.  Cruickshank,  to  -y^^. 
part  the  weight  of  the  urine.  The  presence  of  an  excess  of 
albumen  in  urine  is  the  characteristic  symptom  of  a  disease 
described  by  Dr.  Prout  (on  Calculous  Diseases,  p.  37.)  But 
in  general  he  considers  the  albuminous  part  of  urine  as  more 
nearly  allied  in  properties  to  that  found  in  chyle  than  to  tht;t 
of  blood.  It  often  exists,  when  the  urine  is  not  coagulable  by 
heat;  but  in  this  case  it  may  be  discovered  by  the  delicate 
test  of  triple  prussiate  of  potassa,  aided  by  a  few  drops  of 
acetic  acid. 

Mucus,  also,  is  suspended  in  all   newly  evacuated  urine, 
and  affects  its  perfect  transparency.     If  the  urine  be  voided 
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ID  different:  portions,  the  mucus,  which  naturally  lines  fhl 
urinary  passages,  is  most  abundant  in  the  first,  and  le^folK 
the  subsequent  portions.  When  recent  urine  is  filtered, 
tnucuG  remains  on  the  filter,  in  the  form  of  transparenl 
colourless  flocculi.  The  cloud,  which  appears  in  the  U' 
during  fever,  is  merely  this  mucus,  which  subsides  morcdori 
than  usual,  in  consequence  of  the  increased  specific  gravity 
the  urine.  From  urine,  filtered  when  warm,  a  greyish  wUH 
sediment  falls  in  cooling,  which  gradually  acquires  a  redwl 
hue  and  a  crystalline  form.  The  greyish  powder  is  soliibler^ 
caustic  potassa,  without  any  evolution  of  ammonia ;  but,  » 
becomes  red  and  crystallized,  polassn  disengages  ammonia  ft* 
it  in  abundance.  Berzelius  considers  i(,  therefore,  aa  tM 
of  ammonia  with  excess  of  acid.  Tlic  deposit  i*  pai^ 
soluble,  also,  in  acetic  acid,  which  extracts  a  substance  ha^i 
the  characters  of  mucus.  There  appears,  indeed,  to  bel 
affinity  between  uric  acid  nnd  mucus  i  for  that  acid  separat 
most  abundantly  from  urine,  which  has  not  been  deprived 
mucus  by  filtration.  In  some  diseases  of  the  bladder,  il 
mucous  secretion  appears  to  undergo  a  considerable  chao^ 
and  to  assume  a  purulent  appearance.*  1 

Sulphur  was  first  discovered  in  urine  by  Proust.  TTit' 
fluid,  he  observes,  blackens  silver  vessels  iu  which  it  is  tn- 
porated,  and  scales  arc  detached  which  consist  of  sulphuretw 
silver.  Sulphureled  hydrogen  gas,  he  finds  also,  is  di«rtl- 
gaged  from  urine  which  has  been  kept  about  fificen  dayi;  » 
remark  which  has  since  been  made  also  by  Vogel.  Bultl* 
greatest  part  of  the  sulphur  in  urine  is  united  with  oxygen  ta 
the  state  of  sulphuric  acid,  which  is  combined  with  differs* 
bases. 

The  same  distinguished  chemist  (Proust)  supposed  dial  he 
hud  discovered  carbonic  acid  in  urine,  by  examining  the  w' 
bubbles  which  ascend  from  this  fluid  during  cbidlition.  Thef 
can  bo  little  doubt,  however,  that  the  carbonic  acid,  tliiw^ 
tected,  arises  from  the  decomposition  of  urea  by  the  incrww 
temperature.  But  Mr.  Brande  was  led  to  infer  its  prcscnceby 
the  ew:a|>e  of  carbonic  acid  from  urine  placed  under  an  ^ 

*  Beneliui  ia  ThonuoD't  Aanak.  li.  i$0. 
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kftiMied  receiver;  and  Dr.  Marcet  (on  Calculus,  p.  ISO),  ad- 
mits that,  under  certain  circumstances^  urine  may  contain  car- 
bonic acid.  To  the  same  source^  also  (urea),  may  be  referred 
the  carbonate  of  lime,  found  by  Proust  on  the  surface  of 
casks  in  which  urine  had  been  kept.  By  the  decomposition 
of  orea,  carbonate  of  ammonia  is  formed ;  and  this,  re-acting 
on  the  phosphate  of  lime  contained  in  urine,  will  doubtless 
compose  carbonate  of  lime.  The  occasional  presence  of  the 
sulphate  of  soda  rests  on  better  evidence;  for  it  frequently 
happens  that  only  a  part  of  the  precipitate^  formed  by  adding 
muriate  of  baryta  to  urine,  is  dissolved  by  muriatic  acid ; 
thus  indicating  the  formation  of  sulphate  of  baryta. 

The  acetic  acid  and  resinous  matter,  which  Proust  imagined 
he  had  discovered  in  urine,  may  be  accounted  for  by  sup- 
posing, that  they  were  produced,  rather  than  separated,  by 
the  processes  which  he  employed.  At  least  their  existence  in 
healthy  urine  is  equivocal ;  and  it  is  not  improbable  that  this 
excellent  chemist  mistook  the  lactic  for  acetic  acid.  The  ace- 
tic acid  he  obtained  by  distilling  a  fresh  extract  of  urine  with 
sulphuric  acid ;  and  the  resinous  matter  by  diluting  the  resi- 
due of  this  distillation  when  beginning  to  grow  thick,  with  a 
hirge  quantity  of  cold  water ;  the  excess  of  acid  being  after- 
wards removed  by  a  little  alkali.  Tlie  resin  thus  produced 
he  found  to  bear  a  striking  resemblance  to  castor. 

The  colour  and  smell  of  urine,  Berzelius  ascribes  to  the  lac- 
tic acid  and  accompanying  animal  matters ;  but  Dr.  Prout  con- 
ceives that  in  some  cases  it  is  owing  to  the  presence  of  alkaline 
purpurates.  On  adding  pure  and  white  urate  of  ammonia  to 
healthy  urine,  he  found  it  always  to  acquire  a  colour  like  that 
of  uric  acid  calculi,  till  a  certain  quantity  had  been  added, 
when  it  ceased  to  acquire  colour  on  adding  more.  This  can 
only  be  explained  by  supposing  that  urine  contains  two  co- 
loaring  matters,  one  of  which  has  an  affinity  for  urate  of  am- 
monia, the  other  not 

Berzelius  discovered  siliceous  earth  in  urine  by  treating  ex* 
tract  of  urine,  first  with  alcohol,  tlien  with  water,  and  finally 
with  muriatic  acid.  The  silica  remained  in  the  form  of  a  grey 
powder,  which,  by  fusion  with  aoda,  became  glass.    Its  source 
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be  apprehends  to  be  in  the  water,  which  we  drink,  which  al- 
most universally  contains  silica. 

With  regard  to  the  proportion  of  ihe  different  ingredients 
of  urine,  Berzelius  finds  that  it  difiers  essentially  in  the  same 
individual,  even  from  causes  which  have  little  influence  on 
health.  The  following  Tabic  may  be  considered  as  showing 
its  average  composition. 

Water '. 933.00 

Urea 30.10 

Sulphate  of  potassa   3.71 

■  soda 3.16 

Phosphate  of  soda 2.94 

ammonia 1.6,7 

Muriate  of  soda 4.45 

— —  ammonia 1 .50 

Free  lactic  acid ,^ 

Lactate  of  ammonia 

Animal  matter  soluble  in  alcohol  and  ac-  ^ 

companying  the  lactates   j  '  * 

Animal  matter  insoluble  in  alcohol .... 
Urea  not  separable  from  the  above  ...  .J 

Earthy  phosphates  with  a  trace  of  fluate^  " 

of  lime J 

Uric  acid   , 1.00 

Mucus  of  the  bladder 032 

Silica , .  0.03 


1000. 


The  17.14  parts  of  lactic  acid,  &c.  contain  a  quantity  of 
water,  which  cannot  be  abstracted  without  decomposing  those 
bodies.  The  uric  acid  is  extremely  variable ;  but  in  the  par- 
ticular instance,  which  furnished  the  above  results,  it  was  de- 
posited on  cooling.  The  earthy  phosphates  contain  11  per 
cent,  more  magnesia,  than  exists  iu  tlie  earth  of  bones,  or  in 
the  ashes  of  blood.  Much  more  potassa  is  discoverable,  also, 
in  urine  and  in  milk,  than  in  blood. 

Acidification^  it  has  been  justly  observed  by  Berzelius^  is 
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the  chief  healcby  office  of  the  kidneys.    It  is  in  those  organs, 
that  the  sulphur  and.  phosphor  as  present  in  blood  are  con- 
ferted  into  sulphuric  and  phosphoric  acids,  and  that  a  new 
acid,  the  uric,  is  generated.     In  some  diseases,  this  acidifying 
tendency  is  carried  to  excess,  and  nitric  and  oxalic  acids  are 
generated,  the  former  of  which  probably  converts  a  part  of  the 
uric  acid  into  purpuric ;  and  the  latter,  uniting  with  lime, 
composes  oxalate  of  lime.     In   other  cases,   the  acidifying 
process   is  suspended,  and  unchanged   blood  or  albumen ; 
neutral  substances,  as  sugar  or   urea;  and  even   alkalis,  as 
tmmonin,  lime,  or  magnesia,  are  abundantly  separated,   the 
salphur  and  phosphorus  at  the  same  time  escaping  unacidified. 
When  acids  are  formed  in  excess,  the  urine  is  scanty  and  high 
coloured,  and  the  character  of  the  disease  is  inflammatory. 
When  neutral  or  alkaline  substances  are  redundant,  the  urine 
is  pale  and  copious,  and  the  disease  is  accompanied  with  irri- 
tation or  debility*     (See  Prout  on  Calculus.) 

The  putrefaction  of  urine  is  attended  with  a  series  of  changes, 
lomewhat  analogous  to  those  accompanying  its  distillation. 
The  urea,  which  it  contains,  is  decomposed  and  converted 
into  carbonate  of  ammonia,  which  neutralizes  all  the  redun- 
dant acids,  and  precipitates  phosphate  of  lime.     At  the  same 
time,  the  ammonia,  uniting  with  the  phosphate  of  magnesia, 
composes  a  salt^  which  settles  in  white  crystals  on  the  inner 
surface  of  the  vessel.     This  salt  is  the  ammoniaco-magnesian 
phosphate,  which  constitutes  so  large  a  part  of  some  urinary 
calculi.    The  albumen  and  gelatine  contained  in  the  urine 
also  undergo  decomposition,  and  flakes  are  deposited,  which 
consist  of  both  these  substances.     Acetic  acid  is  generated, 
&nd  becomes  saturated  with  ammonia.     Acetate  and  carbonate 
of  ammonia,  and  the  ammoniaco-magnesian  phosphate  appear, 
Aerefore,  to  be  the  principal  substances  generated  by  the  pu- 
^(action  of  urine. 

Some  important  facts  have  been  ascertained  by  Mr.  Cruick- 
ihauk,  respecting  the  changes  that  the  urine  undergoes  in 
di&rent  diseases.  In  dropsy,  the  urine  was  coagulated  so 
completely  by  heat  and  by  acids,  as  to  differ  but  little  from 
the  fcrum  of  the  blood.    When  this  disease,  however,  arose 
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from  a  morbid  state  of  the  liver,  the  urine  was  not  coagnlable; 
but  was  observed  to  be  small  in  quantity,  high  coloured,  and 
to  deposit  a  considerable  portion  of  pink  sediment  (probably 
the  substance  rosac^e  of  Proust.)  In  inflammatory  aflections, 
the  urine  was  found  to  be  loaded  with  albumen.  In  gout, 
towards  the  end  of  the  paroxysm,  the  urine  deposited  a  lateri- 
tious  sediment,  which  consisted  of  a  very  minute  quantity  of 
uric  acid,  a  larger  quantity  of  phosphate  of  lime,  and  some 
peculiar  animal  fluid  not  soluble  in  water.  The  urine  of 
jaundiced  persons  contained  a  small  quantity  of  bile,  which 
was  discoverable  by  the  addition  of  muriatic  acid.  Hysterical 
urine  was  remarkable  for  a  larger  proportion  of  saline  ingre- 
dients, but  had  scarcely  any  animalized  matter. 

The  composition  of  the  urine  differs  essentially  in  the  dif' 
ferent  classes  of  animals.  Urea  appears  to  be  a  constituent  of 
the  urine  of  all  animals,  so  far  as  it  has  hitherto  been  exa- 
mined ;  but  the  uric  acid  is  not  found  in  herbivorous  quadru- 
peds, the  urine  of  which  contains,  instead  of  it,  a  large  pro- 
portion of  benzoic  acid.  That  of  the  horse  and  of  the  rabbit 
are  remarkable  for  becoming  milky  after  being  voided,  in  con- 
sequence of  the  deposition  of  carbonate  of  lime.  The  urine 
of  the  rabbit  contains,  also,  carbonates  of  magnesia  and  po- 
tassa,  and  sulphates  of  potassa  and  lime.  The  urine  of  the  cow, 
besides  a  larger  proportion  of  benzoic  acid,  holds  in  solution 
carbonate  and  sulphate  of  potassa  and  muriate  of  potassa. — The 
urine  of  domestic  fowls,  which  is  voided  through  the  same 
passage  as  the  excrement,  was  found  by  Fourcroy  and  Van- 
quelin,  and  more  lately  by  Chevreul,  to  contain  uric  acid. 
And  Dr.  Wolloston  has  determined  the  proportion  of  uric 
acid  to  be  greatest,  in  the  urine  of  birds  that  feed  on  ani- 
mal food.  In  the  hawk,  fed  on  flesh  only,  it  was  remarkably 
abundant ;  and  the  gannet,  feeding  solely  on  fish,  discharged 
no  solid  matter  except  uric  acid.*  The  uric  acid  has  been 
found,  also,  by  Dr.  Prout  f  to  constitute  upwards  of  90  per 
cent  of  the  excrement  of  an  animal,  belonging  to  a  difierent 
class,  the  serpent  called  boa  cnnslrictor,     Mr.  Brande,  some 

*  Phil.  Trans.  1810.  f  Thomson's  Annals,  v.  413. 
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yeRTB  ago,  discovered  it  in  the  urine  of  the  camel.  But,  on 
the  other  hand,  Vauquelin  has  proved  that  it  is  entirely  absent 
firom  the  urine  of  the  lion  and  tiger,  though  fed  on  flesh,  and 
though  their  urine  abounds  in  urea.* 

Urinary  calculi.  Connected  with  the  analysis  of  urine 
is  that  of  the  concretions,  which  are  found  in  the  bladder, 
and  which  occasion  a  disease,  equally  formidable  from  iti 
symptoms,  and  its  remedy.  Little  was  known  respecting  their 
chemical  composition,  till  the  time  of  Scheele ;  to  whom  we 
owe  on  this,  as  on  many  other  subjects,  the  first,  and  there- 
fore the  most  difficult  steps  towards  accurate  analysis.  By 
the  discovery  of  the  uric  (or,  as  he  termed  it,  liihk)  acid  in 
one  of  the  most  common  varieties  of  calculus,  and  in  the  or- 
dinary urine,  he  paved  the  way  to  every  thing  that  has  been 
since  ascertained,  respecting  other  varieties;  and  his  experi- 
ments have  been  most  ably  followed  up  by  those  of  Dr.  Wol- 
laston,  and  of  Fourcroy  and  Vauquelin.  It  is  but  justice  to 
Dr.  WoUaston,  however,  to  state,  that  the  principal  distinc- 
tions of  the  several  species  of  calculus  were  pointed  out  by 
him  in  the  year  1 797,t  in  a  memoir  not  less  distinguished  by 
the  importance  of  its  facts,  than  by  the  simplicity  with  which 
they  are  narrated.  Two  years  afterwards  the  experiments  of 
Fourcroy  and  his  associate  were  communicated  to  the  National 
Institute ;  so  that  the  title  to  priority  unquestionably  belongs 
to  our  own  countryman.  Several  valuable  additions  have  been 
since  made  to  our  knowledge  of  the  subject  by  Dr.  PearsoOf 
Mr.  Brande,  and  others;  and  an  excellent  history  of  all  that 
was  before  known,  combined  with  much  original  matter,  has 
been  contributed  by  Dr.  Marcet.j:  In  the  plates,  whiqh  are 
annexed  to  this  work,  will  be  found  the  most  exact  represen- 
tations of  the  several  varieties  of  urinary  concretions,  that  have 
yet  been  published.  A  great  deal  of  important  information 
respecting  the  chemical  history  of  the  urine,  and  of  the  con* 
cretions  formed  from  it,  may  be  found  also  in  Dr.  Prout's 


•  89  Ann.  dc  Cbiin.  199. 

t  See  the  Philosophical  Transactions  for  that  year. 
I  ^  An  Essay  on  the  Chemical  History  and  Medical  Treatment  of  CsU 
culoas  Disorders.'^    8to.  Loodon,  1817. 
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*^  Inquiry  into  the  Nature  and  Treatment  of  Gravel,  Calcu- 
lus/' &c.  published  in  1821. 

The  ingredients  of  urinary  calculi  are  much  leas  numerous 
than  those  of  the  urine.  The  following  appear  to  be  the  only 
substances,  the  existence  of  which,  in  concretions  of  this  sort| 
is  sufficiently  established ;  viz.  uric  or  lithic  acid ;  phosphate  of 
lime;  ammoniaco«mngn&sian  phosphate;  oxalate  of  lime; 
silica;  and  an  animal  matter,  which  serves  the  purpose  of  a 
cement  to  the  earthy  ingredients.  To  these,  Proust  added 
the  carbonate  of  lime  ;*  and  its  presence  in  some  cases  has 
been  lately  fully  demonstrated.  The  ingredients  of  rarer 
occurrence  are  the  cj/stic  oxide  of  Dr.  Wollaston,  and  the 
xanthic  oxide  of  Dr.  Marcet.  It  is  scarcely  ever  that  any 
of  these  substances  is  found  singly.  Nevertheless,  the  pre- 
dominance of  some  one  of  them  gives  to  the  concretion 
its  peculiar  characters ;  and  determines  the  genus  to  which 
it  should  be  assigned.  Several  arrangements  of  urinary  cal- 
culi have  been  contrived.  Fourcroy  and  Vauquclin  have 
enumerated  three  genera,  which  they  have  divided  again 
into  no  less  than  twelve  species.  In  these  subdivisions, 
however,  several  minute  differences  have  been  attended  to, 
which  are  scarcely  sufficient  grounds  for  specific  distinctions; 
and  it  appears  to  me  sufficient  for  every  purpose  of  arrange- 
ment to  class  them  under  the  following  heads. 

I.  Calculi  which  ac^  chiefly  composed  of  uric  acid  or  urate 
of  ammonia : 

II.  Calculi  principally  composed  of  the  ammoniaco-magne- 
sian  phosphate: 

III.  Calculi  consisting,  for  the  most  part,  of  phosphate  of 
lime: 

IV.  Calculi  containing  principally  carbonate  of  lime: 

V.  Calculi  which  derive  their  chai'acteristic  property  from 
oxalate  of  lime;  and 

VI.  Calculi  composed  of  the  substance  discovered  by  Dr. 
Wollaston,  and  called  by  him  cystic  oxide. 

I.  The  calculi  composed  entirely  of  uric  acid  are  of  very  rare 
occurrence;  but  those,  in  which  it  prevails,  and  gives  the 


*  Annates  de  Chimie.  xxxvi. 
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character  of  the  species,  form  a  very  considerable  proportion, 
perhaps  one  half,  of  urinary  concretions.  Calculi  of  this  kind 
are  of  various  sizes,  from  that  of  a  bean  to  that  of  a  large  egg. 
Their  shape  is  most  commonly  a  flattened  oval ;  but  when 
more  than  one  are  found,  they  acquire,  by  friction  against 
each  other,  several  sides  and  angles.  The  best  view  of  their 
internal  structure  is  obtained  by  sawing  them  through  their 
longest  and  widest  diameter,  when  they  exhibit  generally 
a  central  nucleus,  of  more  compact  texture,  and  greater 
hardness  and  lustre,  than  the  rest  of  the  stone;  but  generally 
of  the  same  figure.  From  this  to  the  circumference,  a  number 
of  distinct  layers  are  perceived ;  and  these  layers,  when  the 
calculus  is  broken,  exhibit  a  radiated  structure,  the  radii  con- 
verging towards  the  centre.  The  harder  varieties,  when  di- 
vided by  the  saw,  admit  of  some  degree  of  polish,  and  bear 
a  considerable  resemblance  to  wood.  Their  colour  is  various, 
bat  generally  of  different  shades  of  yellow,  from  pale  straw 
yellow  to  a  deep  shade  of  that  colour,  approaching  brown  or 
sometimes  brown  with  a  mixture  of  red.  Their  specific  gra* 
vity,  according  to  Fourcroy,  varies  from  1.276  to  1.786;  but 
generally  exceeds  1.500. 

The  chemical  characters  of  calculi  of  this  kind  resemble 
those  of  the  uric  acid.  When  burned  in  a  crucible,  they  emit 
the  smell  of  horn,  and  are  almost  entirely  consumed  ;  a  black 
deose  coal  remaining,  which  amounts  to  about  -J^th  the  weight 
of  the  calculus.  They  dissolve,  either  wholly  or  in  great 
measure,  in  solutions  of  pure  potassa  and  pure  soda,  and  are 
precipitated  again  by  acids.  A  very  striking  property  of  tliis 
sort  of  concretions  is,  that  when  a  few  grains  are  heated  on  a 
watch  glass  with  a  small  quantity  of  nitric  acid,  and  the  mix- 
ture evaporated  to  dryness,  a  beautiful  red  substance  remains, 
which  dissolves  in  water  and  tinges  the  skin  of  the  same  colour. 

'J^'he  red  sanely  voided  occasionally  in  considerable  quantity, 
and  constituting  one  of  the  forms  of  the  disease  called  the  grO'^ 
velj  is  uric  acid  very  nearly  pure.  It  is  probably  liberated 
from  urate  of  ammonia  by  a  free  acid  generated  in  the  kidneyF, 
just  as  it  is  precipitated  by  adding  any  acid  to  urine  recently 
voided.  The  acid  precipitating  gravel  in  the  kidneys  may  be 
either  the  phosphoric,  nitric,  or  purpuric     (Prout,  p.  127.) 
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Tiie  uraie  or  liihaie  of  ammonia  calculus  is  g^ierally  of  a 
clay  colour,  with  a  smooth  and  sometimes  tuberculated  surfiMa 
It  is  composed  of  concentric  layers,  and  its  fracture  is  teiy 
fine  earthy,  resembling  that  of  compact  lime-stonew  It  Is 
•mall,  and  in  its  pure  state,  rather  uncommon ;  but  urate  of 
ammonia  often  occurs  with  uric  acid  forming  a  mixed  calculus. 

In  chemical  characters,  it  closely  resembles  the  last  species. 
Before  the  blow-pipe,  however,  it  decrepitates  strongly.  It 
is  much  more  soluble  in  water  than  uric  acid  calculus,  and 
always  emits  a  smell  of  ammonia  with  caustic  potassa*  It 
readily  dissolves  also  in  alkaline  sub-carbonates,  which  the 
uric  species  does  not.     (Prout,  p.  84.) 

II.  The  ammoniaco-magnesian  pliosphate^  or  triple  caladusf 
18  scarcely  ever  found  without  an  admixture  of  some  other  sob- 
stance,  especially  of  phosphate  of  lime*  Calculi  of  this  sort 
are  easily  discriminated  from  those  of  the  first  species,  by 
their  colour,  which  is  white,  generally  pure  white.  They  at- 
tain a  much  greater  size  than  uric  acid  calculi ;  and,  in  one  or 
two  instances,  have  increased  so  as  to  fill  the  whole  capacity 
of  the  bladder.  The  layers  are  distinguishable  only  by  dif- 
ferent degrees  of  hardness  and  density ;  and  small  cells  are 
often  formed  by  the  interrupted  deposition  of  these  layers, 
which  are  lined  with  sparkling  crystals.  The  calculi  of  this 
kind  are  soft,  and  their  powder  dissolves  sufficiently  in  the 
moutli,  to  give  a  distinct  sweetish  taste.  The  same  substance 
is  sometimes  voided,  also,  in  the  state  of  gravel,  constituting 
perfectly  white  shining  crystals. 

Boiling  water  acts  upon  the  ammoniaco-magnesian  phos- 
phate ;  and  the  calculus  loses  about  ^  of  its  weight,  which  is 
deposited  on  cooling,  in  the  form  of  shining  crystals.  When 
exposed  to  heat  it  first  becomes  black,  emits  a  smell  of  ammo- 
nia, and  a  white  powder  is  left,  which  fuses  imperfectly  when 
the  heat  is  more  strongly  urged.  Most  acids  (even  sulphuric 
acid  of  the  specific  gravity  1.020)  dissolve  it  rapidly,  and  de* 
posit  it  again  on  the  addition  of  alkalis.  Pure  alkalis  do 
not  dissolve  it,  but  disengage  ammonia.  To  extract  the  phos- 
phoric acid,  Dr.  Wollaston  dissolved  the  calculus  in  acetic 
acid,  and  precipitated  the  phosphoric  acid  by  an  excess  of 
acetate  of  lead.  To  the  clear  liquor,  sulphuric  acid  was  added, 
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vbich  threw  down  the  excess  of  lead,  and,  at  the  same  time, 
bnned  sulphate  of  magnesia.  Evaporation  to  dryness  re* 
Doved  the  acetic  acid ;  and,  by  raising  tlie  heat,  the  sulphate 
if  ammonia  and  excess  of  sulphuric  acid  were  expelled ;  leav* 
ng  the  sulphate  of  magnesia  pure,  and  capable  of  forming 
aTstals  by  solution  and  evaporation. 

III.  The  third  species  of  calculus,  composed  chiefly  of 
ihosphate  of  lime^  is  usually,  on  its  outer  surface,  of  a  pale 
Nxnrn  colour,  and  so  smooth  as  to  appear  polished.  When 
iawed,  it  is  found  to  be  rc^larly  laminated,  and  the  layers 
idhere  so  slightly,  as  to  be  readily  separated  into  concentric 
Doats.  Internally  the  colour  is  white,  but  not  of  that  pure 
nd  brilliant  kind,  which  distinguishes  the  ammoniaco-mag* 
Desian  phosphate.  The  small  crystals,  also,  which  occur  ia 
the  former  variety,  are  never  found  in  this;  and  its  powder, 
i^ien  rubbed  between  the  fingers,  is  considerably  more  harsh 
md rough. 

The  phosphate  of  lime  calculus  dissolves,  though  slowly,  in 
minted  nitric,  muriatic,  and  acetic  acids  (but  not  in  the  sul- 
phuric acid  of  the  specific  gravity  1 .020),  and  is  precipitated 
unchanged  by  alkalis.  A  small  fragment  put  into  a  drop  of 
aariatic  acid,  on  a  piece  of  glass  over  a  candle,  is  soon  dis* 
iohred ;  and,  when  tlie  acid  is  evaporated,  crystallizes  in  needles, 
vbicli  make  angles  of  6(f  and  120°  with  ench  other.  This 
property  Dr.  Wollaston  considers  as  a  very  delicate  test  of 
the  phosphate  of  lime.  When  exposed  to  the  blow-pipe, ,  it 
first  blackens,  but  soon  becomes  white,  and,  by  intensely 
urging  the  flame,  may  at  length  be  fused.  When  the  phos- 
phate of  lime  and  ammoniaco-magnesian  phosphate  exist  to- 
(F^er,  they  compose  a  calculus,  a  fragment  of  which  may 
he  melted  with  great  ease  by  the  blow-pipe  into  a  vitreous 
globule ;  and  which  has  therefore  been  called  by  Dr.  Wollas- 
ton, the  fusible  calculus.  This  calculus,  when  pulverized  and 
icted  upon  by  acetic  acid,  is  only  partially  dissolved,  the  am* 
iiHmiaco-magnesian  phosphate  being  taken  up  by  the  acid, 
>nd  the  phosphate  of  lime  left.  In  this  way,  it  is  eas}'  to 
Moertain  the  proportion  of  the  two  phosphates. 

IV.  Carbonate  if  lime  has  been  found,  though  rare!}',  com- 
posing small,  perfectly  white,  and  very  friable  calculi.     This 
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was  the  appearance  of  some  examined  by  Dr«  Front.  Dr. 
Oilby  of  Cliiton  has  detected  it  in  four  instances,  and  llrj 
Smith  of  Bristol  has  related  another,  in  which  calcoli,  com- 
posed chiefly  of  carbonate  of  lime  held  logecher  by  animal 
roacus,  were  taken  from  the  bladder  of  a  boy.  (Medico-Chir. 
Trans,  xi.  14.)  These  calculi,  however,  had  nearly  the  colour 
of  mulberry  calaili. 

V.  Calculi  of  the  fifth  kind,  though  their  composition  was 
not  ascertained,  have  been  long  distinguished  from  othen, 
by  the  peculiorities  of  their  external  characters,  under  the 
name  of  mulberry  calculu  This  epithet  has  been  derived  from 
their  resemblance  to  the  fruit  of  the  mulberry.  They  are 
usually  of  a  much  darker  colour  than  the  other  varieties,  and 
are  covered,  generally,  with  a  number  of  projecting  tubercles; 
but  the  species  comprdiends,  also,  some  perfectly  smooth 
concretions  of  a  pale  colour.  Their  hardness  greatly  exceeds 
that  of  the  other  kinds ;  for  it  is  not  easy  to  reduce  them  to 
powder  by  scraping  with  a  knife.  They  have  also  a  greater 
degree  of  specific  gravity,  varying,  according  to  Fourcroy, 
from  1.4'28  to  1.976. 

Calculi  of  this  species,  when  pulverized,  are  soluble  in  mu* 
riatie  and  nitric  acids ;  but  not  unless  the  acids  are  concen- 
trated  and  heated.  The  solution  by  muriatic  acid  has  a  deep 
brown  colour,  but  deposits  white  crystals  on  cooling*  Pore 
alkalis  do  not  decompose  this  variety  of  calculus;  but  when 
it  is  digested  with  alkaline  carbonates,  the  oxalic  acid  is  sepa- 
rated, and  replaced  by  carbonic  acid.  To  exhibit  the  oxalic 
acid  in  a  separate  state,  the  oxalate  of  potassa  may  be  decom* 
posed  by  acetate  of  baryta  or  super*acetate  of  lead,  and  the 
oxalate  of  lead  or  baryta  by  sulphuric  acid.  This  is  the  pro- 
tcess  of  Fourcroy ;  but  Dr.  WoUaston  disengaged  the  oxalic 
acid  by  the  direct  addition  of  sulphuric  acid  to  the  pulverized 
calculus,  and  the  crystallization  of  the  acid  which  was  thus 
detached. 

The  presence  of  lime,  in  this  variety  of  calculus,  is  demon- 
strated, in  a  very  simple  manner,  by  burning  it  in  a  cruciblei 
and  strongly  calcining  the  residuum,  or  by  exposure  to  the 
blow-pipe.     By  the  addition  of  water,  wc  obtain  lime-water. 
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Silica  is  a  very  rare  ingredient^  and  has  been  discorered  in 
calculi,  in  one  or  two  instances  only. 

VL  A  new  species  of  calculus  from  the  human  bladder  was 
discoTered,  by  Dr.  Wollaston,  about  the  year  1805.  Itap* 
pears  to  be  extremely  rare;  for  in  1810^  when  its  properties 
were  first  described  in  the  Philosophical  Transactions,  only 
two  instances  of  it  had  occurred  to  its  discoverer.  With  the 
assistance  of  Dr.  Wollaston's  clear  and  accurate  description! 
and  of  the  proper  experiments,  I  have  recogniied  two  other 
examples,  in  a  collection  of  calculi  now  in  my  possession  ;  and 
Dr.  Marcet  has  since  detected  it  in  no  less  than  three  in- 
stances.^ 

In  external  appearance,  these  calculi  resemble  more  nearly 
tiie  triple  phosphate  of  magnesia  than  any  other  sort  of  caU 
cuius ;  but  they  are  more  compact,  and  do  not  consist  of  dia- 
tinct  laminae,  but  appear  as  one  mass^  confusedly  crystallised 
throughout  its  substance.  They  have  a  yellowish  semitrans*^ 
parency,  and  a  peculiar  glistening  lustre,  like  that  of  a  body 
having  a  high  refractive  density. 

Under  the  blow-pipe,  the  new  calculus  gives  a  peculiarly 
fiastid  smeU,  quite  distinct  from  that  of  uric  acid.  Distilled  in 
dose  vessels,  it  yields  fcetid  carbonate  of  ammonia,  partly 
solid  and  partly  fluid,  and  a  heavy  foetid  oil;  and  there  re- 
mains a  black  spongy  coal,  much  smaller  in  proportion  than 
Ctom  uric  acid  calculi. 

It  is  so  readily  acted  upon  by  chemical  agents,  that  its  cha-* 
racters  are  best  taken  from  an  enumeration  of  the  few  feeble 
powers,  which  it  can  resist  These  are  water,  alcohol,  acetic^ 
tartaric,  and  citric  acids,  and  saturated  carbonate  of  ammo- 
nia ;  all  which  are  incapable  of  dissolving  it,  except  in  very 
minute  proportion. 

Its  solvents^  on  the  other  hand,  are  &r  more  numerous. 
It  is  abundantly  dissolved  by  muriatic,  nitric,  sulphuric,  phos- 
phoric, and  oxalic  acids ;  by  potassa,  soda,  ammonia,  and  lime 
water ;  and  even  by  fully  saturated  carbonates  of  potassa  and 
•oda.  When,  therefore,  it  is  intended  to  separate  it  from 
acids,  the  carbonate  of  ammonia  is  best  adapted  to  the  pnr- 
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pose ;  and,  for  the  same  reason,  the  acetic  and  citric  acit 
beet  suited  to  precipitate  it  from  alkalis. 

Its  combinations  with  acids  crystallize  iu  slender  spi 
radiating  from  a  centre,  which  readily  dissolve  ngain  in  i 
Its  compouii()!i  with  alknlis  form  small  gmnular  crystals. 

As  this  substance  does  not  affect  vegetable  colours,  ar 
all  the  chemical  Iinbitudes  of  an  oxide,  Dr.  Wollaston  c 
guishes  it  by  the  name  of  Cystic  Oxide-  Tliis  name  it 
worth  while  to  alter,  though  Dr.  Mnrcct  has  lately  met 
instances,  in  which  its  origin  maybe  clearly  traced  to  ihi 
neys  and  not  to  the  bladder, 

VII.  Amongst  the  urinary  calculi  exaniiniHl  by  Dr.  M 
were  two,  the  properties  of  which  were  found  to  differ 
those  of  every  known  species.  The  first  was  of  a  redd! 
cinoBmon  colour;  was  soluble  in  acids,  though  less  n 
than  in  alkalis;  and  gave. with  nitric  acid  n  solution  w 
when  evaporated  to  dryness,  had  the  remarkable  prope 
assuming  a  bright  lemon  colour.  It  was  distinguished 
cystic  oxide,  by  being  much  less  soluble  in  acids;  and, 
uric  acid)  by  considerably  greater  solubility  in  water. 
Uie  colour  which  it  ofibrds  with  nitric  acid.  Dr.  Marce 
applied  to  it  the  term  ofXanlhic  Oxide,  from  iavJo;,  yc/fo, 

The  other  calculus  exhibited  a  train  of  properties,  ( 
sponding  exactly  with  those  of  fibiine  ;  and  should  olht 
amples  of  a  similar  kind  occur,  they  may  be  distingui 
Dr.  Marcet  thinks,  by  the  epithet  JUiririoin  calculi.* 

Such  are  the  principal  kinds  of  urinary  concretimii 
any  addition  were  made  to  the  five  classes,  under  whicli 
have  been  arranged,  I  would  propose  to  add  two  oihcra 
sixth  comprehending  those  calculi,  which  contain  scvei 
the  foregoing  ingredients,  in  sucha  state  of  admixture  as  i 
be  distinguishable  without  chemical  anaiysis;  and  these 
those,  in  which  the  dlflerent  substances  are  disposed  in 
tinct  layers  or  in  concentric  strata.  It  may  be  pro|)cr, 
over,  to  give  an  outline  of  the  classification,  prc^mx 
Fourcroy  and  Vauquclin,  after  the  analysis  of  more  thai 
of  these  conrrctionx. 
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Gbnus  I^ — Calculi  cobiposed  chiefly  of  one 

ingredient. 

Spedes  1.  Calcolos  of  uric  acid. 

2.  -^— — ^—  urate  of  ammonia. 

3, '  carbonate  of  lime. 

4.  — — — —  oxalate  of  lime. 

Genus  II^ — Calculi  composed  of  two  in6REdieni*s« 

^teciesl. — Calculus  of  uric  acid  and  eartliy  phosphates  in 

distinct  layers. 
2«  Calculus  of  uric  acid  and  earthy  phosphates  inti- 
mately mixed. 

3.  i of  urate  of  ammonia  and  the  phosphates 

in  layers. 

4.  ■  of  the  same  ingredients  intimately  mixed. 

5.  -^_^  of  earthy  phosphates  mixed   or  else   in 

fine  layers. 

6.  ■  of  oxalate  of  lime  and  uric  acid  in  distinct 

layers. 

7.  ■  of  oxalate  of  lime  and  earthy  phosphates 
in  layers. 

Genus  III. — Calcuu  composed  of  three  or  four 

ingredients. 

species  1. — Calculus  of  uric  acid  or  urate  of  ammonia,  earthy 
pho^hates,  and  oxalate  of  lime. 
2.  ■  of  uric  acid,  urate  of  ammonia,  earthy 

phosphates,  and  silex. 

The  urinary  concretions,  which  have  been  extracted  from 
^  bladders  of  inferior  animals,  differ  from  those  of  the  hu- 
'^  subject  in  containing  no  uric  acid,  and  in  consisting  for 
^  most  part  of  carbonate  and  phosphate  of  lime,  cemented 
^  animal  matter. 
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SECTION  VI. 

Of  Bones,  Sliells^  Crusts^  Horn,  and  CeartUage. 

The  bones  oF  animals  are  composed  partly  of  earthy  salts, 
ivhich  give  them  solidity  and  hardness,  and  partly  of  animal 
matter,  which  serves  the  purpose  of  a  cement,  and  keeps  the 
earthy  ingredients  in  a  state  of  union.  By  kmg  continued 
boiling,  a  large  part  of  the  animal  matter  b  extracted,  and  a 
solution  is  obtained,  which  concretes,  on  cooling,  into  a  gela- 
tinous mass.  Hence  bones  contain  gelatine  as  one  of  their 
ingredients.  But  besides  this  animaliaed  substance,  another 
is  discovered  by  the  slow  action  of  diluted  nitric  or  muriatic 
acid.  Either  of  these  acids  dissolve  both  the  earthy  salts  and 
gelatine ;  and  a  soft  flexible  substance  remains,  retaining,  in 
a  great  measure,  the  shape  of  the  original  bone.  This  soft 
and  spongy  substance  seems  to  be  analogous  to  cartilage;  and 
is  essential  to  the  constitution  of  all  organized  bones  and 
shells.  Its  production  appears  to  be  the  first  step  in  the  form- 
ation of  bone,  and  of  the  other  hard  coverings  of  animals. 
In  chemical  composition,  it  has  been  found  by  Mr.  Hatchett 
(to  whom  we  owe  its  discovery)  most  to  resemble  coagulated 
albumen. 

Besides  the  marrow,  which  is  lo4ged  in  the  hollow  cavities 
oF  bones,  they  contain,  in  the  most  hard  and  solid  part  of 
their  substance,  a  proportion  of  oil.  This  oil  makes  its  ap< 
pearance  in  a  hard  and  suetty  form,  on  the  surface  of  the 
gelatinous  mass  extracted  by  boiling.  It  exudes,  also,  from 
the  bones  of  recent  anatomical  preparations ;  and  a  portion 
of  it  passes  over,  in  a  separate  but  altered  state,  when  bones 
are  submitted  to  distillation.  By  this  process,  bones  are  de- 
prived, not  only  of  their  oily  part,  but  the  other  animal  sub- 
stances which  they  contain  are  decomposed ;  a  quantity  of  car- 
bonate of  ammonia  is  generated ;  and  in  the  retort  there  ire- 
mains  the  earthy  ingredients  blackened  by  charcoal.  By  a 
farther  combustion  in  the  opeo  air,  this  charcoal  is  destroyed; 
and  the  earthy  ingredients  are  left  in  a  perfectly  white  state. 
In  this  way  large  quantities  of  bones  are  distilled  for  the  sake 
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>f  the  carbcMiBte  of  ammoniat  which  is  afterwards  applied  in 
making  the  muri&te  of  that  alkali*  The  animal  oil  (formerly 
osed  in  medicine,  under  the  name  of  DlppeVs  oil)  is  now,  on 
account  of  its  offensive  smell,  which  unfits  it  for  most  other 
purposes,  chiefly  converted  into  lamp-black. 

When  diluted  muriatic  or  nitric  acid  is  poured  upon  the 
white  ashes  of  bones,  an  effervescence  takes  place,  and  nearly 
the  whole  is  dissolved^  Solution  of  pure  ammonia,  added  to 
the  filtered  liquid,  precipitates  a  white  earth  in  great  abund- 
iDce ;  but  after  it  has  ceased  to  produce  any  e£fect,  the  addi*- 
tioD  of  carbonate  of  ammonia  occasions  a  fresh  precipitation. 
What  is  thrown  down  by  the  pure  alkali  is  composed  of  phos^ 
phate  of  lime  and  a  small  quantity  of  phasphate  of  magnesia ; 
tod  the  precipitate  l^  the  mild  alkali  is  the  carbonate  of  lime. 
The  proportions,  deduced  from  the  analysis  of  ox-bones  by 
Foorcroy  and  Vauquelin»  are  the  following : 

Animal  matter •  •  •  51 

Phosphate  of  lime •  •  37.7 

Carbonate  of  lime 10 

Phosphate  of  magnesia «...     1.3 

100. 

Human  bones  were  found  by  Fourcroy  and  Vauquelin  (who 
liave  given  a  good  general  formula  for  the  analysis  of  bones*) 
to  contain  some  iron  and  manganese,  and  a  larger  proportion 
d  magnesia  than  exists  in  the  bones  of  herbivorous  quadru- 
peds. This,  indeed,  might  have  been  expected  from  Uie 
large  quantity  of  magnesia,  which  is  constantly  passing  off 
in  human  urine,  but  not  in  that  of  other  animals.  Alumine 
*nd  silex  were,  also,  found,  by  the  same  chemists,  in  human 
^C8.  Hildcbraiidt,  however,  has  lately  analyzed  human 
bones,  without  being  able  to  discover  magnesia  in  tliera.f 

Besides  the  above  ingredients,  Mr.  Hatchett  discovered  in 
I^OQes  a  minute  quantity  of  sulphate  of  lime ;  and  Berzelius 
^  detected  a  combination  of  fluoric   acid   with  tiie  same 

•  79  Ann.  de  Chim.  «83.  f  83  Ann.  de  Chim.  199. 
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earth,  which  Morocchini  had  previously  found  in  enamel. 
Berzelius  has  given  the  following  tabular  view  of  the  results 
of  his  analysis.* 


Dry 

Hunuui 

Bones. 

Enamel 
Teeth. 

nryOx 

of  Ox 

Teeth. 

Cartilage 

Blood  vessels   

..  32.17 
..     1.13 

33.30 

..       3.56 

•  • 

IFluate  of  lime 

..     2.0 

..    3.2  .. 

2.90 

..     4.0 

Phosphate  of  lime 

..  51.04 

..  85.3  .. 

55.45 

..  81.0 

Carbonate  of  lime 

..  11.30 

. .     8.0  . . 

3.85 

. .     7.10 

Phosphate  of  mognesia  • 

Soda,  muriate  of  soda,! 
water,  &c J 

..     1.16 
. .     1.20 

..    1.5  .. 
..    2.0  .. 

2.05 
2.45 

..     3.0 
..     1.34 

100.  100.        100.  100. 

Human  teeth  are  composed  of  the  same  ingredients  as  the 
enamel,  and  in  the  same  proportion,  except  that,  in  addition 
to  other  ingredients,  they  contain  cartilage.  This  cartilagi- 
nous basis  Mr.  Hatchett  found  to  remain  in  the  original 
shape  of  the  tooth,  after  removing  the  otlier  component  parts 
by  diluted  nitric  acid.  The  enamel,  on  the  contrary,  dissolves 
entirely  in  diluted  nitric  acid,  and  is,  therefore,  free  from  car- 
tilage. But  it  probably  contains  gelatine,  and  to  the  solution 
of  this  animal  substance  (which  is  not  afterwards  prccipitable 
by  alkalis)  may  perhaps  be  ascribed  the  loss,  which  forms 
part  of  the  following  results  of  the  analysis  of  enamel  ob- 
tained by  Mr.  Pepys.  He  found  the  enamel  of  human  teeth 
to  consist  of 

Phosphate  of  lime. 78 

Carbonate  of  lime.  ••••..•• 6 

Loss  and  water  •••••••• 16 


100 


The  substance  of  the  teeth  Mr.  Pepys  found  to  be  com- 
posed as  follows : 


*  Aonales  de  Chimie;  Ixi,  2^t. 


Hootff  of  the  Teeth  of         First  Teeth  of 

Teeth.  Adaltd.  Children. 

Phosphate  of  lime 58  64    62 

Carbonate  of  lime 4  6    6 

Cartilage 28  20    20 

Loss 10  ......  10    12 


100  100  100 

The  shells,  with  which  several  marine  and  also  some  land 
unimals  are  covered,  have  been  divided  by  Mr.  Hatchett  into 
two  classes.  The  first,  from  their  resemblance  to  ]>orcelain, 
he  has  termed  porcellaneous  shells.  To  this  class  belong  the 
several  species  of  voluiay  cyprceoy  &c.  The  second  class  ap* 
proach  in  their  characters  to  mother  of  pearL  The  shell  of 
the  fresh  water  muscle,  and  of  the  oyster,  may  be  arranged 
under  this  head ;  and  pearl  itself  has  the  same  characters  and 
chemical  composition.  Comparing  the  experiments  on  both 
t^lasses,  Mr.  Hatchett  concludes  that  porcellaneous  shells  con« 
sist  of  carbonate  of  lime,  cemented  by  a  very  small  portion 
of  animal  matter;  and  that  mother  of  pearl  and  pearl  do  not 
differ  from  these,  except  in  containing  a  smaller  proportion 
of  carbonate  of  lime.  This,  instead  of  being  merely  cc^ 
mented  by  animal  matter,  is  intermixed  with  and  serves  to 
harden  a  membranous  or  cartilaginous  substance  which  is  ca- 
pable of  retaining  its  form,  after  the  removal  of  the  earthy 
ingredient. 

The  covering  of  crustaceous  animak  (as  echini,  star-fish, 
lobsters,  crabs,  &c.)  differs  in  composition  from  marine  shells, 
and  approaches  that  of  the  eggs  of  birds.  The  shells  of 
eggs,  Mr.  Hatchett  found,  are  composed  of  carbonate  of 
lime,  with  a  small  proportion  of  phosphate  of  lime,  cemented 
by  animal  matter.  Vauquelin  has  lately  added,  to  these  in« 
gredients  of  egg-shells,  carbonate  of  magnesia,  iron,  and  sul- 
phur.* 

Horn  differs  essentially  from  all  the  substances  that  have 
been  described  in  this  section.  The  proportion  of  earthy 
-natter  obtained  by  its  combustion,  scarcely  amounts  to  ^^ 


•  81  Aon.  a«  Chiia«  304. 
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part.     It  appears  to  consist  principally  ct  gelatine  and 
gulated  albumen. 

Of  Cartilage. 

Chevreul  has  analyzed  the  cartilage  of  the  sgualms  pere^ 
grinus.  He  found  it  to  be  sparingly  soluble  in  water ;  the 
solution  was  viscid ;  foamed  on  agitation ;  restored  the  coloor 
of  reddened  litmus;  and  was  precipitated  by  solpharic,  nitricy 
or  muriatic  acid,  an  excess  of  which  re-dissolved  the  i»eci- 
pitate.  Chlorine  occasioned  a  d^>osit,  as  did  also  the  pn^ 
nitrate  of  mercury  and  the  sub-aoetate  of  lead.  Infusion  of 
galls  produced  only  a  slight  cloud. 

When  boiled  with  alcohol,  the  cartilage  shrunk  in  bulkf 
and  became  opaque  by  losing  water.  The  first  washings  had 
the  colour  of  ammoninret  of  copper,  and  deposited  an  animal 
matter.  From  the  residue  of  the  evaporation  of  these  wash- 
ings, hydrate  of  lime  disengaged  a  large  quantity  of  am- 
monia. 

Cartilage  dissolved  in  muriatic  acid,  and  the  solution  was 
precipitated  by  infusion  of  galls.  Nitric  acid  dissolved  it,  and 
when  evaporated,  gave  oxalic  acid,  nitrate  of  soda,  a  yellow 
matter,  different  from  that  of  Welther,  and  an  odorous  oil. 

By  destructive  distillation,  it  gave  the  ordinary  products 
of  animal  substances. 


SECTION  VII. 

Of  MnscUy  Memlraney  Tendon ^  Ligament. 

The  muscular  fleJi  of  animals  consists  chiefly  of  the  pe- 
culiar substance,  which  has  been  already  described  under  the 
name  of  Fibrin,  Though  generally  of  a  reddish  colour;  yet, 
essentially,  muscular  fibre  is  white,  and  may  be  obtained  in 
this  state,  if  all  the  soluble  parts  be  first  washed  away  by 
long  continued  affusions  of  water,  which  acquire  a  dark  co- 
lour. The  solution,  if  concentrated  by  boiling,  gelatinates 
on  cooling;  and  hence  gelatine  appears  to  be  one  of  the  con- 
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ttitu^Ats  of  muscle.  Albumen  is  another  ingredient,  and 
makes  its  appearance  by  a  deposition  of  coagulated  flocouB 
in  the  heated  watery  solution.  A  portion  of  &t,  also,  fre- 
quently concretes  on  cooling;  but  this  is  to  be  considered 
rather  as  an  accidental  admixture.  From  the  gelatine,  when 
evaporated  ^o  dryness,  alcohol  removes  a  peculiar  kind  of 
extract,  soluble  in  water  and  in  alcohol,  and  first  described 
by  Thouvenel.  The  entire  muscle,  when  calcined,  leaves 
about  5  per  cent,  of  its  weight  of  saline  matter,  composed 
diiefly  of  phosphates  of  soda,  ammonia  and  lime,  and  car- 
bonate of  lime. 

Lean  flesh,  Berzelius  finds,  is  composed  of  nearly  three- 
fourths  its  weights  of  fluid.  This  fluid  contains  a  free  acid ; 
and  the  extract,  which  Thouvenel  described,  is  the  same  acid 
qfmpy  mass,  which  is  met  with  in  milk  and  urine,  and  which 
consists  of  lactic  acid,  an  alkaline  lactate,  and  the  animal 
Blatter,  that  always  accompanies  the  lactates.  The  fluids  of 
muscle  abound  much  more  in  this  syrupy  extract,  and  contain 
more  phosphate  of  soda,  than  tlie  blood.  The  solid  fibre  is 
interwoven  with  the  cellular  texture,  and  is  furnished  with 
minute  veins  and  nerves.  It  agrees,  in  chemical  prep^ties, 
with  the  fibrin  of  the  blood ;  and  it  is  soluble,  except  the  cel- 
lular texture  of  veins  and  nerves,  in  acetic  acid.  By  boiling 
it  becomes,  like  the  fibrin  of  blood,  insoluble  in  acetic  acid, 
and  imparts  to  the  water,  with  which  it  has  been  boiled,  a 
constituent  part,  which  has  a  strong  and  pleasant  taste  of 
flesh,  and  cannot  be  gelatinized.  When  this  is  dissolved,  and 
mixed  with  the  uncoagulated  part  of  the  humours  of  the 
flesh,  it  forms  what  is  called  Z^ro/A,  the  strength  and  taste  of 
which  depend,  not  only  on  the  dissolved  gelatine  of  the  cel- 
lular texture,  but  also  on  the  fibrin,  the  taste  of  which  it  re- 
tains. The  taste  does  not  depend  on  the  extractive  matter  of 
Thouvenel ;  for  flesh,  from  which  this  extract  has  been  se- 
parated, still  gives  a  palatable  though  colourless  soup. 

Considerable  difierences  exist  in  the  colour  and  other  pro- 
perties of  the  muscular  flesh  of  diflerent  animals;  but  the 
cause  of  these  difierences  is  not  well  understood.  It  depends, 
most  probably,  on  the  proportion  which  the  fibrin,  albumen, 
and  other  principles  bear  to  each  other.    Gelatine  iq^pe^is  to 
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be  most  abundant  in  the  flesh  of  young  animals ;  and  fiHwi«Mn 
and  extract  in  that  ot*  old  ones. 

Tiie  tendons^  or  sinews^  as  they  are  commonly  called,  aie 
the  strong  cords  in  which  muscles  terminate,  and  which  con- 
nect them  with  the  bones.  They  differ  from  muscle  in  the 
total  absence  of  fibrin ;  and  in  being  completdy  soluble  in 
water  by  sufficiently  long  boiling.  The  solution  has  the  im>- 
perties  of  gelatine. 

The  ligametUs  are  excessively  strong  bands,  which  tie  the 
bones  together  at  the  different  joints.  Th^  are  in  a  great 
measure,  but  not  completely,  soluble  by  boiling  water ;  and 
contain,  therefore,  beside  gelatine,  some  other  animal  sub- 
stance, probably  coagulated  albumen. 

Membranes  are  thin  semi-transparent  substances,  which 
sometimes  form  bags  for  containing  fluids,  and  sometimes 
line  the  different  cavities  of  the  body.  They  are  for  the  most 
part,  though  not  entirely,  soluble  in  water;  and  are  com- 
posed, therefore,  chiefly  of  gelatine.  Hence  by  the  common 
process  of  tanning,  membranes  are  convertible  into  leather. 
There  is  an  essential  difference,  however,  between  cellular  or 
serous  membranes,  and  mucous  membranes.  The  latter  fur- 
nish no  gelatine  by  boiling;  and  are  sooner  destroyed  than 
any  animal  substance^  the  brain  excepted,  by  maceration  in 
water,  or  by  the  action  of  acids. 


SECTION  VIIL 

Of  ike  soft  Coverings  of  Animals^  viz.  Nails^  Scales,  Skitif 

Hairy  FeatherSj  and  IVooL 

The  nails  and  hoofs  of  animals  most  nearly  resemble  bom 
in  chemical  composition.  Their  basis  seems  to  be  a  series  of 
membranes  composed  of  coagulated  albumen,  in  which  is 
deposited  a  quantity  of  gelatine.  Long  boiling  does  not  en- 
tirely dissolve  them.  By  calcination  they  have  only  a  very 
small  proportion  of  earthy  matter. 

The  scales  of  serpents  also  resemble  horn  in  their  chemical 
composition  and  properties.    The  scales  of  fish^  on  the  ooa- 
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Irary,  are  more  nearly  analogous  to  mother  of  pearl,  and  are 
composed  of  alternate  layers  of  membrane  and  phosphate  of 
lime. 

The  skin  consists  of  two  distinct  parts,  a  tough  white  mem- 
brane on  the  outside  which  is  almost  insensible,  and  an  in* 
ternal  one,  full  of  blood  vessels  and  nerves,  and  distinguished 
by  great  sensibility.  Between  these  two,  in  the  human  body,, 
ii  a  soft  raucous  substance  called  reie  mucosum. 

1.  The  external  layer,  called  the  cuticle^  or  epidermis^  is  best 
separated  from  the  parts  beneath  by  the  action  of  a  blister.  It 
is  not  soluble  in  water,  nor  in  acids,  unless  they  are  sufficiently 
concentrated  to  decompose  it.  Hence  it  differs  from  gelatine. 
Alkalis  however  dissolve  it;  and,  in  this  respect,  it  agrees 
with  coagulated  albumen,  which  it  resembles,  also,  in  receiving 
a  yellow  tinge  from  nitric  acid. 

2.  The  cutis  vera,  which  lies  beneath  the  cuticle,  consists  of 
a  number  of  fibres  crossing  each  other  in  various  directions, 
and  has  considerable  firmness  and  elasticity.  Long  continued 
boiling  in  water  entirely  dissolves  it,  and  a  solution  is  obtained 
which  gelatinates  on  cooling,  or,  by  farther  evaporation,  may 
be  wholly  converted  into  glue. 

The  true  skin  is  composed,  therefore,  almost  entirely  of 
gelatine ;  but  under  some  modification  which  renders  it  inso« 
lublc  in  water.  It  is  this  substance  that  adapts  the  skins  of 
animals  for  two  important  uses,  that  of  being  converted  into 
leather  by  the  reception  of  the  tanning  principle,  and  that  of 
furnishing  glue. 

3.  Of  the  rete  mucosum  very  litde  is  known.  It  is  that  part 
of  the  skin,  on  which  its  colour  depends;  and  by  the  suffi- 
ciendy  long  continued  application  of  chlorine  gas,  it  has  been 
found  that  in  the  negro  it  may  be  entirely,  but  not  perma* 
i^ently,  deprived  of  its  colour. 

Hair  has  been  examined  with  considerable  attention  by 
Vauquelin.  He  effected  a  complete  solution  of  it  in  water  by 
using  a  Papin's  digester.  The  application  of  the  proper  tem- 
perature required,  however,  some  caution;  for  if  raised  too 
high,  the  hair  was  decomposed  and  gave  carbonate  of  am- 
monia, empyreumatic  oil,  and  sulphureted  hydrogen.  Tlie 
solution  always  contained  a  sort  of  bituminous  oil,  the  colour 
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of  which  approached  to  that  ci  the  hair  whieh  had  been 
dissolved.  After  separating  this  oil,  the  solation  was  pre- 
cipitated by  infusion  of  galls  and  by  chlorine;  but  did 
not  gelatinate  on  cooling.  Acids  occasioned  a  precipitate^ 
which  was  re-dissolved  by  adding  more  acid.  Silver  was  preci* 
pitated  from  its  solutions  of  a  black  colour,  and  lead  of  a  brown, 

A  diluted  solution  of  potassa  dissolved  hair,  excepting  a 
little  oil,  sulphur,  and  iron;  and  the  compound  was  a  sort  of 
soap.  The  oil,  if  red  hair  was  employed,  had  a  yellow  tinge. 
Alcohol,  also,  extracted  from  hair  a  portion  of  oil,  the  colour 
of  which  varied  with  tliat  of  the  hair. 

The  coal,  obtained  by  incinerating  hair,  afforded  phos- 
phate, sulphate,  and  carbonate  of  lime,  muriate  of  soda,  ulica, 
magnesia,  and  oxides  of  iron  and  manganese.  The  whole  of 
these  substances  bore  a  very  snuill  proportion  to  the  hair,  and 
varied  in  hair  of  different  colours.  Hair,  therefore,  appean 
to  consist  chiefly  of  an  animal  matter  resembling  coagulated 
albumen ;  of  an  oil  of  various  colours ;  of  sulphur,  silica, 
carbonate  and  phosphate  of  lime ;  and  oxides  of  iron,  and 
manganese. 

Feathers  probably  agree  in  composition  with  hair.  The 
quill,  Mr.  Hatchett  has  shown,  consists  of  coagulated  albumen 
without  any  gelatine. 

fVool  has  not  been  so  much  the  subject  of  experiment,  as 
from  its  great  importance,  it  deserves.  What  is  known  res- 
pecting it  may  be  found  in  Bancroft's  and  Berthollet's  Trea- 
tises on  Dyeing.  When  growing  upon  tlie  sheep,  it  is  enve- 
loped in  a  soapy  matter,  from  which  it  requires  to  be  cleansed 
before  it  is  manufinctured* 

Braconnot  has  shown  that  by  the  action  of  sulphuric  add, 
wool  is  converted  into  the  peculiar  substance  called  leucine. 
Hie  ultimate  analysis  of  wool  has  been  performed  by  Dr.  (Jre^ 
who  finds  it  to  consist  of 

Carbon   ....  10  atoms..  ••  60   55.00 

Oxygen  ....     4  ditto 82   29.40 

Hydrogen  . .     3  ditto 3    2.80 

Azote 1  ditto 14    12.80 

109  100. 
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Silk^  the  production  of  various  species  of  caterpilUrsi  and 
used  as  the  soft  covering  of  the  insect  during  its  chrysalis  states 
is  in  fine  threads,  covered  with  a  sort  of  varnish.  This  varnish 
is  soluble  in  boiling  water,  but  not  in  alcohol;  it  resem« 
hies  gelatine  in  being  precipitable  by  tan  and  muriate  of  tin, 
but  diflers  from  it  in  other  respects.  It  may  be  separated 
also  from  silk  by  soap,  and  by  soap  leys.  It  amounts,  accord- 
ing to  Roard,  to  28  per  cent,  of  the  weight  of  the  silk.  (Ann« 
de  Cbim.  Ixv.)  Raw  silk,  also,  contains  a  portion  of  wax, 
which  dissolves  in  boiling  alcohol,  and  separates  as  the  alcoh<d 
€<x>ls. 

Silk  cleansed  from  these  substances  has  been  but  imperfectly 
examined.  It  is  insoluble  both  in  water  and  in  alcoholf  but 
dissolves  in  pure  alkalis  and  concentrated  acids.  By  the  action 
of  nitric  acid,  it  yields  the  peculiar  substance  described  under 
the  name  of  the  bilier  principle. 

Dr.  Ure  submitted  the  bleached  fibres  of  silk  to  decompo« 
stdon  by  peroxide  of  copper^  and  obtained  the  following 
siilu.     (Phil.  Trans.  1822.) 

Carbon 10  atoms ....  60  50.8 

Oxygen 5  ditto 40  34. 

Hydrogen. ...    4*  ditto 4  3.4 

Nitrogen  ....     1  ditto.  ....  14  11.8 

118  100. 


SECTION  IX. 

Of  Ihe  Subslance  of  the  Brain. 

The  medullary  matter  of  the  brain  and  nervous  system  ap« 
pears  to  differ  from  all  other  organized  substances.  It  was 
first  examined  by  M.  Thouret,  with  a  view  to  explain  why  the 
brain  was  exempted  from  the  change,  observed  in  the  bodies 
which  were  interred  in  the  Cimetih-e  des  Innocens.  Fourcroy 
afterwards  added  many  important  lacts,  and  corrected  M. 
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Thouret  in  several  particulars ;  and  Vauquelin  has  poblished 
an  elaborate  set  of  experiments  on  the  same  subject** 

The  medullary  substance  of  the  brain  is  of  a  sofl  consist- 
ence^ and  forms,  when  agitated  with  water,  a  sort  of  emulsion, 
that  passes  through  the  finest  sieves.     This  fluid  is  coagulated 
by  a  temperature  of  I60°i  and  a  quantity  of  a  substance  re« 
sembling  albumen  is  separated,     llie  same  coagulation  is  pro- 
duced by  acids;  but  the  coagulum  differs,  in  several  respects, 
from  that  which  takes  place  from  the  serum  of  the  blood.   On 
being  boiled  with  alcohol,  it  loses  about  ^  of  its  weight ;  but 
one  third  of  the  portion,  which  has  been  dissolved,  is  again 
dqxMited  on  cooling  in  the  form  of  shining  crystalline  plates, 
resembling  those  which  are  obtained  from  biliary  calculi,  from 
spermaceti,  or  from  adipocire ;  but  difiering  from  those  sub* 
stances  in  requiring  a  higher  temperature  for  its  fusion.    It 
stains  paper  like  a  fixed  oil,  is  soluble  in  20  times  its  weight 
of  boiling  alcohol ;  and  is  miscible  with  water  into  a  sort  of 
emulsion,  from  which  it  does  not  separate  on  standing,  and 
which  is  not  acid.     From  the  resulu  of  its  combustion,  both 
alone  and  with  nitre,  Vauquelin  infers  that  it  contains  uncom- 
bined  phosphorus. 

Alcohol,  by  digesting  with  brain,  acquires  a  greenish  colour, 
which  it  retains  even  after  filtration.  By  evfl|)oration  to  one 
eighth  its  bulk,  it  deposits  a  yellowish  oily  fluid,  and  the 
liquor  itself  is  yellowish.  When  repeated  quantities  of  alcohol 
are  digested  on  the  same  portion  of  brain,  the  alcohol  is 
tinged  a  sapphire  blue  colour.  These  colours  remain,  till  the 
whole  alcohol  is  expelled  by  heat,  when  the  residuary  matter 
acquires  a  yellow  tinge,  of  greater  or  less  intensity.  The 
latter  portions  of  alcohol  do  not,  like  the  first,  deposit  oil  oo 
standing. 

The  liquid  oil,  afler  being  washed  with  water,  and  evapo- 
rated to  dryness  at  a  gentle  heat,  has  a  reddish  brown  colour, 
and  a  smell  resembling. that  of  the  brain  itself,  but  stronger. 
Its  taste  is  like  that  of  rancid  fat.  It  forms,  with  water,  an 
emulsion,  which  is  coagulated  by  the  addition  of  acids,  and 


*  Tfiomson's  Annals,  i.  332. 


6BCT.  IX.  BRAIN.  465 

by  infusion  of  tan.  It  is  soluble  in  hot  alcohol ;  and  the 
greater  part  separates  on  cooling.  Though  freed  from  all  acid 
by  washing,  yet  it  furnishes  phosphoric  acid  by  being  burnt 
either  alone  or  with  nitre;  and  hence  we  must  admit  the  pre- 
sence of  phosphorus  in  tliis  fatty  matter,  as  well  as  in  the 
crystalline  substance.  From  the  latter,  indeed,  it  appears  to 
differ  only  in  containing  a  quantity  of  animal  matter,  which  ia 
separable  by  cold  alcohol. 

The  alcohol,  from  which  the  fatty  matter  has  separated, 
bas  a  yellow  colour,  a  taste  of  the  juice  of  meat,  and  gives 
marks  of  acidity.  It  contains  super-phosphate  of  polassa,  and 
a  peculiar  animal  matter,  which,  by  its  solubility  in  cold  alcohol 
and  water;  by  its  property  of  being  precipitated  by  infusion 
of  galls;  by  its  reddish  brown  colour,  its  deliquescence,  its 
taste  and  smell  of  the  juice  of  meat,  may  be  regarded  as  iden- 
tical with  the  substance,  which  Rouelle  formerly  called  sopo>« 
nnceous  extract  of  meat,  and  to  which  Thenard  has  given  the 
name  of  Osmazome.  It  is  this  substance,  which  tinges  the 
fatty  matter,  extracted  from  brain  by  alcohol. 

The  portion  of  brain,  which  remains  after  the  full  action  of 
alcohol,  is  a  greyish  white  matter  in  the  form  of  flocks,  which 
resembles  cheese  externally.  In  drying,  it  assumes  a  grey 
colour,  a  semi-transparency,  and  a  fracture  similar  to  that  of 
gum-arabic.'  It  appears,  as  Fourcroy  supposed,  to  be  per- 
fectly identical  with  albumen ;  and  it  is  this  ingredient,  which 
occasions  the  coagulation  of  brain,  when  mixed  with  water, 
by  heat,  acids,  metallic  salts,  &c.  The  alkaline  solution  of 
this  part  of  brain  precipitates  acetate  of  lead  of  a  dark  brown 
colour,  showing  obviously  the  presence  of  sulphur. 

The  medulla  of  the  brain,  when  exposed  to  the  air,  soon 
undergoes  spontaneous  decomposition ;  and  evolves  an  acid, 
before  it  passes  to  the  putrid  state ;  but  under  water  it  may  be 
kept  a  long  time  without  any  change.  Nitric  acid  does  not 
produce  the  same  effects  upon  it,  as  on  other  animal  substances. 
No  nitrogen  is  separated;  but,  when  the  temperature  is  raised, 
a  large  quantity  of  carbonate  of  annnonia  is  disengaged,  and 
oxalic  acid  is  found  in  the  retort. 

Diluted  sulphuric  acid  partly  dissolves  brain,  and  coagu- 
lates another  part.     The  acid  solution  becomes  black  when 
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concentrated  by  evaporation ;  sulphurous  acid  is  generated; 
and  crystals  arc  formed  which  consist  of  sulphate  of  ammonia. 
Besides  this  salt,  sulphates  of  ammonia  and  lime,  phosphoric 
acid,  and  phosphates  of  soda  and  ammonia  are  found  in  the 
liquid. 

When  brain  is  dried  at  the  temperature  of  boiling  water,  it 
coagulates  and  some  water  separates  from  it.  When  distilled 
in  close  vessels,  ammonia  is  disengaged :  which,  uniting  with 
carbonic  acid,  formed  at  the  same  time,  composes  carbonate  of 
ammonia.  A  portion  of  oil  is  obtained  also,  and  sulphureted 
and  carbureted  hydrogen  gases  are  formed.  In  the  retort  a 
coal  remains  which  afibrds  traces  of  phosphates  of  lime  and 
soda. 

The  mass  of  brain,  as  appears  from  the  experiments  of 
Vauquelin,  is  composed,  therefore,  of  1st,  two  fatty  matters, 
which  are  probably  identical ;  2dly,  albumen ;  3dly,  osma- 
zome ;  ^thly,  different  salts ;  and,  among  others,  phosphates 
of  potassa,  lime,  and  magnesia,  and  a  little  common  salt; 
5tlily,  phosphorus ;  6thly,  sulphur.  The  following  ia  to  be 
considered  merely  as  an  approximation  to  their  proportions. 

1.  Water 80.00 

2.  White  fatty  matter 4.53 

3.  Red  fatty  matter. 0.70 

4.  Albumen •  • • .  •  •  •  7.00 

5.  Osmazome  • .  •  •  • • 1.12 

6.  Phosphorus ..••••••  1.50 

7*  Acids,  salts,  and  sulphur 5.15 

100. 
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CHAPTER  XIV, 


OF  CHEMICAL  ANALYSIS. 


SECTION  L 

Of  the  Analysis  of  Mixed  Gases. 

Having  already,  in  former  parts  of  this  work,  enumerated 
the  properties  common  to  the  whole  class  of  gaseous  bodies,* 
and  described  the  apparatus  required  for  submitting  them  to 
experiment  ;f  and  having  also  given  the  chemical  history  of 
each  individual  gas,  it  would  be  equally  tedious  and  useless  to 
enter,  in  this  place,  into  minute  details  respecting  them.  Nor 
could  it  serve  any  useful  purpose  to  frame  rules  for  analyzing 
every  possible  mixture  of  gaseous  substances;  for,  out  of 
nearly  thirty  gases,  the  number  of  such  combinations  would 
be  extremely  numerous,  and  many  of  them  ar«notat  all  likely 
to  occur.  The  rules,  too,  themselves,  would  be  unnecessary  to 
those  who  are  qualified  to  undertake  researches  into  this  dif- 
ficult part  of  experimental  chemistry.  All,  therefore,  that  I 
shall  attempt,  will  be  to  lay  down  a  few  simple  directions  for 
discriminating  the  several  gases,  and  for  analyzing  such  mix- 
tures of  them,  as  arc  occasionally  formed  by  chemical  processes, 
or  are  presented  to  vs  by  nature. 

There  arc  two  fluids  which  are  used  to  confine  gases  for  the 
purpose  of  examination  and  analysis,  viz.  mercury  and  water. 
Upon  the  former,  very  few  gases  act  sufficiently  to  Interfere 
with  its  fitness  for  retaining  them  unaltered.  Chlorine  and 
nitrous  acid  gases  are  the  principal  exceptions  to  this  remark ; 
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for  they  are  both  speedily  condensed  by  mercury;  and  sul- 
phureted  hydrogen  acts  also  upon  that  metal,  though  not  in 
the  same  degree.  With  the  exception,  however,  of  nitrous 
acid  gas,  those  aeriform  substances  that  cannot  be  kept  over 
mercury  may,  in  general,  be  preserved  over  water,  especially 
if  its  temperature  be  raised  to  65°  or  70°  Fahr. ;  at  least  they 
may  be  kept  long  enough  to  enable  us  to  examine  their  pro- 
perties, and  their  proportions  in  any  mixture. 

The  two  following  Tables  exhibit  a  view  of  the  different 
gases,  and  the  fluids  best  adapted  for  preserving  them. 

I.  Gases  which  are  best  confined  by  Mercury. 

Oxides  (supporters  of  ^      ,       ...  *   •  i  ^^ 

Comhus^on.)  Combustible.  Aad  Oases. 

Protoxide  of  chlorine     Ammonia  Muriatic  acid 

Peroxide  of  ditto.  Cyanogen.  Uydriodic  do. 

Sulphurous  do. 

Fluoboric  do. 

Fluosilicic  do. 

Carbonic  do. 

Chloro-carbonic  do. 

11.  Gnses  confinable  by  M^aler, 

Gases  that  support  Combustible  r         i       'i^i 

Combustiob.  Gases-  Incombusuble, 

Oxygen  Hydrogen  Nitrogen 

.  Chlorine  Carbureted  do.  Carbonic  acid. 

Nitrous  oxide  Olefiant  do. 

.  '^  gas.  Phosphuretcd  do. 

Biphosphureted  do. 

Sulphureted  do. 

Tellureted  do. 

Arsenureted  do. 

Selenureted  do. 

Carbonic  oxide. 

Examination  of  Gases  confinable  by  Mercury, 

I.  When  we  have  a  quantity  of  any  unknown  gas  standing 
over  mercury,  it  is  desirable  first  to  ascertain  in  what  propor- 
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on  it  is  capable  of  being  absorbed  by  water.  For  this  pur- 
»e  a  small  quantity  of  watery  not  exceeding  l-80thor  l-lOOth 
Ftbe  volume  of  tbe  gas,  may  be  admitted  to  a  portion  of  it 
ODtained  in  a  graduated  tube.  If  the  whole  gas  rapidly  dis- 
ppear,  and  its  place  be  filled  with  mercury,  it  must  have  cons- 
isted of  one  or  more  of  the  following  gases : 

Ammonia,  of  which  1  vol.  water  absorbs  670  vols. 

Fluoboric  acid, : •  700 

"  Fluosilicic, ■  2(50 

Hydriodic, ___  -I-  500 

Muriatic, 480 

Salphurous  acid,  being  soluble  only  to  the  extent  of  about 
S3  times  the  volume  of  the  water,  is  not  taken  up  with  so  much 
npidity,  or  by  so  small  a  proportion  of  water  as  the  other 
five  gases.  Protoxide  and  peroxide  of  chlorine  are  still  less 
ibsorbable;  for  of  each  of  these,  water  condenses  only  about 
eight  volumes. 

IL  To  determine  whether  the  gas  has  acid  or  alkaline  pro- 
perties, a  small  slip  of  litmus  paper  may  be  first  introduced 
Into  it.  If  it  be  reddened,  the  gas  must  be  acid ;  if  not 
dianged,  a  slip  either  of  litmus  paper  reddened  by  vinegar,  or 
oftQrmeric  paper,  may  be  passed  up,  when  the  alkaline  nature 
of  the  gas  will  be  indicated  by  the  usual  change  of  colour  to 
hloe  or  brown.  Acid  and  alkaline  gases  cannot  both  exist 
together  in  the  same  mixture,  as  they  immediately  condense 
^h  other  into  a  solid  form. 

III.  Ammoniay  when  indicated  by  the  colour  tests,  may 
^'ther  be  pure,  or  mny  be  mixed  with  cyanogen,  or  perhaps 
'^ith  one  of  the  oxides  of  chlorine  ?  {o)  If  pure,  it  will  en- 
'''ely' disappear  by  contact  with  1- 100th  its  volume  of  water. 
^}  If  any  portion  be  left  unabsorbed,  let  it  be  agitated  with  a 
'^Ue  liquid  potassa,  and  if  an  absorption  now  take  place,  pass 
'P  a  small  quantity  of  solution  of  per-sulphate  of  iron  with  an 
^ccss  of  acid.  Cyanogen  will  be  indicated  by  the  blue  colour 
f  the  liquid,  (c)  The  oxides  of  chlorine  will  be  distinguished 
y  their  greenish  yellow  colour,  by  their  smell,  and  by  their 
<>wer  of  supporting  combustion^  without  exhibiting  the  cha- 


470  09  OHSMICAL  ANALTIIt.  CHAF.  XIV. 

racters  belonging  to  oxygen,  chlorine,  or  the  oxides  of  ni- 
trogen* 

Acid  Gases. 

TV,  Of  the  acid  gases,  there  are  four,  which,  when  sufiered 
to  escape  into  the  atmosphere,  produce  a  dense  while  smoker 
owing  to  their  powerful  attraction  for  aqueous  vapour.  These 
are  the  muriatic,  fluoboric,  fluosilicic,  and  liydriodic  acids. 

V.  A  property  common  to  all  the  powerfully  acid  gases,  viz. 
the  fluoboric,  fluosiiicic,  hydriodic,  muriatic,  and  sulphurous, 
is,  that  they  are  absorbed  hy  fragments  of  borax,  which  salt 
has  no  action  on  cither  of  the  oxides  of  chlorine,  or  on  car- 
bonic or  chloro-carbonic  acids. 

(a)  If  the  borax,  afler  being  thus  exposed,  be  powdered  and 
strongly  heated  with  a  little  charcoal,  and  the  product  be  then 
moistened  with  water,  or  with  diluted  muriatic  acid,  the  pre- 
sence of  sulphurous  acid  will  be  indicated  by  a  smell  ofsul- 
phureted  hydrogen. 

{b)  If  the  gas,  which  has  been  absorbed  by  the  borax,  be 
muriatic  acid,  on  dissolving  the  salt  in  water  and  adding  nitrate 
of  silver,  a  precipitate  will  appear,  which  will  be  soluble  in 
li]uid  ammonia,  and  insoluble  in  diluted  nitric  acid.  This 
precipitate,  after  being  well  washed,  dried,  and  fused,  will, 
for  every  100  grains,  indicate  24.5  grains  of  chlorine,  equivalent 
to  very  nearly  9.5.  \  grains,  or  6+  cubic  inches  of  the  acid  gas. 

VI.  A  test  of  the  presence  of  sulphurous  acid,  which  acts 
upon  that  gas,  but  not  on  the  other  acid  gases,  is  the  peroxide 
of  lead.  According  to  Dr.  Thomson,  it  may  be  employed  to 
absorb  sulphurous  acid  from  the  other  acid  gases. 

VII.  The  mixture  of  acid  gases  which  is  likely  most  fre- 
quently to  occur,  is  that  oi  muriatic  and  sulphurous  acids,  or 
one  of  them,  with  carbonic  acid. 

(a)  From  a  measured  portion  of  a  mixture  of  these  three 
g.ises,  contained  in  a  graduated  tube,  the  muriatic  acid  gas 
win  be  absorbed  by  l-50th  its  bulk  of  water. 

(t)  From  another  portion  of  the  mixture,  contained  in  a 
similar  tube,  peroxide  of  lead  will  absorb  the  sulphurous  acid 
only. 

(c)  From  a  third  portion,  both  the  muriatic  and  sulphurous 
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acids  will  be  absorbed  by  fragments  of  borax,  leaving  the  car* 
bonic  acid  separate. 

The  volume  of  the  three  gases,  thus  determined,  ought,  if 
the  analysis  be  correct,  to  make  up  a  sum  total  equal  to  that 
of  the  mixture. 

VIII.  Hydriodic,  fluoboric,  fluosilicic,  and  chloro-carbonic 
acid  gases  are  of  such  rare  occurrence,  that  it  may  be  suffi-* 
cient  to  point  out  a  few  tests  by  which  they  may  be  discrimi- 
nated. 

{a)  If  a  little  chlorine  be  passed  into  a  gas  containing  Ay- 
driodic  acid^  a  violet  coloured  cloud  will  be  immediately  pro- 
duceil,  the  chlorine  seizing  the  hydrogen  of  the  acid  gas,  and 
detaching  purple  vapours  of  iodine. 

(b)  When  borax  has  been  made  to  absorb  hydriodic  acid 
gas  without  any  admixture  of  muriatic  acid,  its  solution  in 
water  precipitates  nitmte  of  silver;  but  the  precipitate  is  inso* 
luble  in  ammonia,  and  by  this  property  it  may  be  separated 
from  chloride  of  silver. 

(c)  A  slip  of  white  pa))er,  introduced  into  a  gas  over  mer- 
cury, betrays  the  presence  of  fluoboric  acid  gas,  by  being  im* 
mediately  blackened. 

(J)  Fluosilicic  acid  gas  is  manifested  by  its  producing  minute 
white  flakes  of  silica,  in  a  portion  of  water  which  has  absorbed 
any  considerable  quantity  of  the  gas. 

(e)  Chloro-carbonic  acid  is  decomposed  by  contact  with  wa- 
ter ;  muriatic  acid  is  formed  and  remains  in  solution.  Car- 
bonic acid  is  also  produced,  equal  in  volume  to  the  original 
gas,  and  may  be  made  apparent,  by  first  saturating  the  mu- 
riatic acid  with  a  little  ammonia^  and  then  adding  lime  water^ 
which  will  form  a  white  precipitate. 

Gases  confinable  by  JVater. 

IX.  All  gases  are  more  or  less  absorbable  by  water,  but 
some  of  them  arc  taken  up  to  a  much  greater  amount,  and 
with  much  less  agitation,  than  others.  It  affords,  indeed, 
•ome  insight  into  the  nature  of  a  gas,  to  ascertain  the  propor* 
tion  in  which  it  is  capable  of  being  absorbed  by  water.     The 
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water  employed  for  this  purpose  should  have  been  deprived,  as 
completely  as  possible,  of  its  air  by  long  boiling;  and  should 
have  been  cooled  out  of  contact  with  atmospheric  air.  The 
best  method  of  applying  it,  is  by  means  of  a  caoutchouc  bottle 
and  tube,  resembling  that  represented  plate  ii.  fig.  21 ;  but  the 
tube,  as  well  as  the  bottle,  should  be  much  larger  than  are 
commonly  applied  to  cudiometrical  pur)K>ses. 

IVaier  absorbs^ 

r  Chlorine  gas, 
Twice  its  vol.  of  <  Sulphureted  hydrogen, 

^Selenureted  hydrogen. 

An  equal  vol.  of  /Nitro™  "xWe, 

L  Carbonic  acid. 

One  eighth  its  vol.  of  -f?;*^""*  «"'', .     , 

LPhosphui-eted  hydrogen. 

T«,th  to  ^Vth  its  vol.  of  /Nitrous  gas, 

L  Oxygen  gas. 

Vrth  to  ^th  its  vol.  of  -r2'Pl'°'P''"f  ^  hydrogen, 

LI ellureted  hydrogen. 

rNitrogen, 

^^  ^^  *       1  Carbureted  hydrogen, 

L-Arsenureted  hydrogen. 

It  is  necessary,  however,  to  observe  that  considerable  dif- 
ferences in  the  absorbability  of  gases  are  produced  by  their 
mixture  with  each  other.  The  information,  therefore,  which 
can  be  thus  obtained,  is  only  of  a  very  general  kind,  and  must 
in  no  case  supersede  the  application  of  other  methods  of  ana- 
lysis. 

X.  The  effect  of  the  watery  solution  of  any  gas  u{)on  the 
colour  iesis  should  next  be  examined.  All  the  stronger  acids, 
it  has  already  been  stated,  redden  litmus.  The  same  eflect  is 
produced,  though  less  readily  and  distinctly,  by  cyanogen, 
carbonic  acid,  sulphureted  hydrogen,  and  tellureted  hydrogen. 
Chlorine  destroys  vegetable  blues;  and  the  oxides  of  chlorine 
first  redden  litmus,  and  then  destroy  its  colour.     The  other 
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gases,  which  are  permanent  over  water,  do  not  affect  vegetable 

oolours. 

XL  When  the  quantity  of  a  gas  is  sufficient  to  enable  us  to 
determine  its  specific  gravity^  we  obtain  a  datum  of  great  im- 
portance for  determining  its  nature.  This  is  best  done  in  the 
manner  already  descril)ed,  vol.  i.  p.  19.  The  specific  gravity 
iband  by  experiment  may  be  compared  with  those  of  the  gases 
exhibited  in  the  Table,  voU  i.  p.  140. 

XII.  Of  the  gases,  which  are  capable  of  existing  at  com- 
mon temperatures  over  water,  two  only  are  distinguished  by 
being  themselves  coloured.  Chlorine  is  yellowish  green,  and 
nitrous  acid  gas  of  an  orange  red ;  but  the  latter  is  so  quickly 
absorbed  by  water,  that  its  colour  can  only  be  seen,  when  first 
formed  by  the  mixture  of  nitrous  and  oxygen  gases. 

XIII.  The  odour  of  gases  discriminates  several  of  them. 
Oxygen,  hydrogen,  nitrogen,  and  both  the  varieties  of  car- 
bureted hydrogen,  if  pure,  have  little  or  no  smell.  All  the 
rest  have  characteristic  odours.  That  of  chlorine  is  peculiar, 
and  very  suffocating ;  that  of  nitrous  gas  can  only  be  perceived 
in  a  state  of  mixture  with  the  air  already  present  in  the  nos- 
trils, with  which  it  forms  nitrous  acid.  All  the  other  com- 
|)ounds  of  hydrogen  have  powerful  and  generally  disagreeable 
odours. 

XIV.  The  gases,  which  are  absorbed  by  liquid  potassa^  are 
cyanogen,  chlorine  and  its  oxides,  carbonic  acid,  and  sul- 
pbareted,  tellureted,  and  selenureted  hydrogen.  Those  acid 
gases,  that  are  permanent  only  over  mercury,  are  of  course 
copiously  soluble  in  liquid  potassa,  but  they  are  not  expelled 
again,  like  the  gases  which  have  been  enumerated,  by  adding 
tbe  stronger  liquid  acids. 

XV.  A  leading  distinction  among  gases  permanent  over 

^ater,  is  into  such  as  are  capable  of  supporting  combustion 

(that  of  a  wax  taper  for  example)  and  such  as  extinguish  flame. 

One  of  the  first  experiments  then,  that  should  be  tried  on  any 

^known  gas«  is  the  effect  of  immersing  a  lighted  taper  in  it. 

^  oxygen  gas,  and  in  nitrous  oxide,  the  taper  will  burn  with 

Sfeat  brilliancy ;  and  if  blown  out,  and  again  plunged  mto 

^tber  of  those  gases,  the  ignited  wick  will  be  re-kindled  with 

'^  slight  explosion.    The  same  effect  is  produced  by  the  two 
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{a)  Both  varieties  o(  pfiosphureled  hydrogen  inflame  sponta- 
neously when  brought  into  contact  with  chlorine,  and,  if  in 
sufficient  quantity,  even  detonate  loudly. 

(b)  Sulpkureled  hydrogen  is  immediately  decomposed  by 
chlorine,  and  sulphur  is  precipitated.  One  volume  of  the  in- 
flammable gas  requires,  for  complete  decomposition,  one  vo- 
lume of  chlorine. 

(c)  Bicarlureted  hydrogen  {olefianl  gas)  is  speedily  condensed 
by  chlorine  into  an  oily  looking  liquid  with  an  etherial  smell, 
which  floats  on  the  surface  of  the  water.  One  volume  of  ole- 
fiant  gas  condenses  one  volume  of  chlorine.  Hence  it  is  easy, 
by  dividing  the  diminution  of  volume  by  2,  to  estimate  the 
amount  of  the  former  gas.  The  olefiunt  gas  should  be  added 
to  the  chlorine  in  a  graduated  tube  shaded  from  the  light,  and ' 
about  a  quarter  of  an  hour  should  be  allowed  for  theflill  effect 
to  be  produced,  especially  if  the  tube  be  of  small  diameter. 

(d)  Hydrogen  and  carbureted  hydrogen  are  not  acted  upon 
by  chlorine,  provided  the  mixture  be  made  and  preserved  in 
a  tube  from  which  all  light,  both  direct  and  reflected,  is  care- 
fully excluded.  But  the  ordinary  light  of  day,  and  still  more 
the  direct  rays  of  the  sun,  falling  on  the  mixture,  occasions  a 
speedy  action  of  the  gases  on  each  other  ;  and  if  the  quantity 
be  considerable,  and  the  proportions  properly  adjusted,  an  ex- 
plosion oflen  ensues. 

XXV.  jiction  of  nilroiis  gas  on  injlammalie  gases. — (a) 
Nitrous  gaS|  beside  being  acted  upon  by  oxygen,  by  chlorine 
and  its  protoxide,  and  by  sulphurous  acid  gas,  is  also  con- 
densed by  bipliosphureted  hydrogen  and  by  snlphvreted  Ay- 
drogen.  When  mingled  with  the  last  mentioned  gas,  the  de- 
composition is  slow,  sulphur  is  deposited,  and  ammonia  and 
nitrous  oxide  are  formed. 

(b)  On  hydrogen  and  both  the  varieties  of  carbureted /ty" 
drogeny  nitrous  gas  has  no  action  at  common  temperatures. 
It  may,  therel'ore,  be  employed  to  determine  the  proportion  of 
oxygen  in  a  mixture  of  oxygen  gas  or  atmospheric  air  with 
any  of  those  three  gases,  according  to  the  rules  given  vol*,  i. 
p.  SOS. 

XXVI.  Action  of  the  solution  of  chloride  {pxymuriate)  of 
lime. — This  solution,  Mr.  Dalton  finds,  absorbs  phospburcted 
hydrogen,  converting  it  into  phosphoric  acid  and  water,  but 
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has  no  action  on  simple  hydrogen.     It  is  probably  inefficient, 
also,  on  the  two  varieties  of  carbureted  hydrogen. 

XXVII.  Solutions  of  acetate  of  lead  and  nitrate  of  merairy. 
•^— These  solutions,  even  when  heated  to  120°  Fahrenheit  or 
upwards,  absorb  sulphureted  hydrogen,  but  do  not  afFect  the 
other  combustible  gases;  nor  do  they,  at  that  temperature, 
act  on  carbonic  acid.  A  similar  property  belongs  also  to  car- 
bonate of  lead  precipitated  by  carbonate  cf  ammonia  from  a 
cold  solution  of  the  acetate.  In  all  these  cases,  a  copious 
black  precipitate  is  formed  consisting  of  the  sulphuret  of  lead 
or  of  mercury.  The  use  of  carbonate  of  lend  in  separating 
sulphureted  hydrogen  from  other  gases,  I  find  to  be  susceptible 
of  great  precision  (Ann.  of  Phil.  xv.  35),  and  at  p.  4j31,  vol.i., 
I  have  shown  that  it  is  capable  of  detecting  one  part  of  sul» 
phureted  hydrogen  when  mixed  with  20.000  of  any  other  gas. 

Such  are  the  principal  agents  required  in  operating  on  the 
inflammable  gases.  By  using  them  in  succession,  considerable 
progress  may  be  made  towards  the  analysis  of  mixtures  of 
these  gases.  It  may  be  proper  to  add  a  few  rules  for  distin- 
guishing the  individual  gases  of  this  class,  and  estimating  their 
quantities. 

XXVIII.  Tclluretcd,  potassureted,  selenureted,  and  arse- 
nureted  hydrogen  arc  of  such  rare  occurrence,  that  it  may  be 
sufficient  to  enable  the  experimenter  to  recognise  them,  if  a 
few  of  their  leading  characters  are  here  enumerated. 

(a)  Tellnreted  hydrogen  is  absorbed  by  liquid  potassa,  but 
not  by  acetate  of  lead.  It  is  decomposed  when  mixed  with 
chlorine,  and  if  that  gas  be  transmitted  through  the  solution 
of  tclluretcd  hydrogen  in  liquid  potassa,  the  liquid  acquires 
the  property  of  forming  a  white  precipitate  with  alkaline  car- 
bonates, and  a  black  one  with  hydro-sulphurets.  (Children's 
Translation  of  Thenard,  p.  25.) 

{b)  Potassureted  hydrogen  is  instantly  decomposed  when 
brought  into  contact  with  water;  hydrogen  is  liberated ;  and 
potassa  formed. 

(c)  Arsenureted  hydrogen  has  a  nauseous  smell,  is  sparingly 
soluble  in  water,  is  not  absorbed  by  liquid  potassa,  but  is  in- 
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ntantly  ticcomposetl  by  chlorine,  nnti  condensed  into  a  lirpiL^ 
from  wliich  water,  imprcgnnled  with  sulphiiretcd  hydroge::^ 
throws  down  a  yellow  flaltey  precipitnte.   When  mingled  w  =^,t' 
gnses  that  support  combustion,  it  is  discoverable  by  uitj-^_ 
ducing  ft  lighted  tnpcr  into  a  tube  filled  with  the  gns,  llie  n  ^^ 
of  which  will  be  immediately  covered  with  a  chcsiiut  bT«:>^„      i 
liydriirel  of  arsenic.  * 

(rf)  SeleiiureUd  hinhogun  may  be  recognized  by  its  otluur  f  j 
(xxi.)  by  its  absorbability  by  water,  with  which  it  alfon/f  d  ;^ 
■nlution  that  in  ii  few  minutes  becomes  opalescent,  rcddtslion  |  4 
thfl  surfuce,  and  then  deposits  selenitnn.  The  watery  solution  t  3 
reddens  litmus,  hns  an  hepatic  flavour,  and  gives  n  permanent  »  ^ 
brown  stain  to  the  bkin  ;  but  by  keeping  is  entirely  decom- 
posed. 

XXIX.  The  mixtures,  which  may  be  expected  most  fw 
rjucntly  to  occur,  of  combustible  gases  with  each  other,  nretliosc 
of  hydrogen,  sulphureted  hydrogen,  carbureted  hydrogen,  bi- 
carbureted  hydrogen  (olcfiant  gas),  and  carbonic  oxide,  Decs' 
sionnlly  with5maliproportian8ofnitrof;cnorcarbonicacid);asa> 

or  these  gases  there  are  three,  which  may  be  removed  IVon 
such  i\  mixtuiv  by  very  simple  processes,  viz,  sutphurclcJ  hy- 
drogen, carbonic  acid,  and  olcliant  gns. 

(0)  Sii/iikureled  hydrogen  maybe  absorbed,  as  already  Ji" 
rected,  by  solution  of  acetate  of  lead,  or  by  carbonate  of  lead 
fresh  precipitated  from  the  acetate,  and  diffusctl  through  • 
small  quantity  of  water.  Neither  of  these  substances  nclsoA 
carbonic  acid  or  olcfiant  gases. 

(i)  After  having  thus  removed  the  sulphureted  hydro((cn. 
liquid  potassa  will  absorb  the ''niViunic  add,  and  will  indicttc 
its  t|UaiUity  by  the  amount  of  the  absorption. 

(c)  Or  we  may  act  on  one  portion  of  the  entire  gas  wiiii  pO" 
tassa,  snd  on  another  with  acetate  or  carbonate  of  lead.  'II*' 
latter,  affecting  only  the  sulphureted  hydrogen,  we  may  deduct 
the  absorption  it  produce!>,  from  the  total  absorption  hy  po* 
tBisa,  and  the  remainder  will  show  the  proportion  of  carbon'* 
acid.  For  example,  if  the  absorption  by  potassn  be  JO  mea- 
sures, and  by  lead  2,  then  10— 2  =  8  shows  the  tailwa'C 
acid. 
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{d)  Olefiani  gas  mixed  with  one  or  more  of  the  following 
gases,  viz,  hydrogen,  carbureted  hydrogen,  carbonic  oxide,  or 
nitrogen,  may  be  detected  and  estimated  as  follows.  Into  a 
graduated  tube  about  3-lOths  of  an  inch  in  diameter,  pass 
20|  25,  or  30  measures  of  chlorine,  observing  its  quantity  when 
actually  in  the  tube,  which  is  then  to  be  shaded  from  the  light 
by  an  opake  cover  of  tin  or  pasteboard.  To  the  chlorine  pass 
up  50  measures  of  the  gas  under  examination ;  let  the  mixture 
stand  10  or  15  minutes;  and  then  gradually  raise  the  cover 
till  the  surface  of  the  water  within  the  tube  appears.  Note 
the  diminution,  and  divide  its  amount  by  2,  which  will  give 
the  quantity  of  olefiant  gas. 

(e)  Wash  the  residuum  of  the  process  {J)  with  liquid  jk)* 
tassa.  This  will  absorb  any  redundant  chlorine.  The  mixture 
may  now  contain  one  or  more  of  the  following  gases,  viz.  hy- 
drogen, carbureted  hydrogen,  carbonic  oxide,  and  nitrogen. 

XXX.  To  analyze  mixtures  of  hydrogen,  carbureted  Inj* 
drogert,  carbonic  oxide,  and  nitrogen,  is  a  problem  of  considera- 
ble difficulty,  since  wc  are  not  acquainted  with  any  agent, 
either  liquid  or  aeriform,  that  will  condense  one  of  those  gases, 
leaving  the  others  untouched.  The  only  method  of  judging 
of  the  composition  of  such  a  mixture  is,  to  fire  a  small  quan- 
tity in  a  Volta's  eudiometer  over  mercury,  with  oxygen  gas, 
the  degree  of  whose  purity  has  been  previously  ascertained,  and 
which  must  be  employed  in  a  proportion  somewhat  exceeding 
what  is  necessary  for  saturating  the  inflammable  gas.  Note  the 
amount  of  the  diminution  after  firing;  then  admit  liquid  po- 
tassa  to  the  gas,  and  observe  how  much  is  absorbed ;  and 
ascertain  the  proportions  of  oxygen  and  nitrogen  in  the  re- 
sidue, by  processes  which  will  be  presently  described. 

In  estimating  the  composition  of  a  mixed  gas,  from  the 
phenomena  and  results  of  its  combustion,  the  following  Table 
will  be  found  useful.  Olefiant  gas  is  included,  though  not 
strictly  necessary,  in  order  to  render  the  view  of  these  com- 
pounds more  complete. 
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Table  showhig  the  Results  of  Firing  the  Comlusiible  Gases 

with  Oxygen. 


Names  of  gases. 

Sp.  gr. 

ioo  vols, 
require 
oxygeu. 

Total. 

Diminished  Carlicmic 
by             acid 
6  ring.       produced. 

Olefiant  gas 

Carb.  hydrogen. . . 
Hydrogen  gas  . . . . 
Carbonic  oxide . . . 

.9722 
,^555 
.0690 
.9722 

.SOO 

200 

50 

50 

400 
300 
1.50 
150 

200  =  i 

200  =  -3^ 

1.50  =  A 

50=4 

200 

100 

0 

100 

(a)  If  the  gas  under  examination  afford  no  carbonic  acid  by 
combustion  with  an  excess  of  oxygen,  it  may  then  be  either 
hydrogen  only,  or  hydrogen  with  a  propoi'tion  of  vitrogen.  In 
the  first  case,  two  measures  of  the  gas  will  have  condemned  one 
of  oxygen,  making  a  diminution  of  tiiree  measures.  In  the 
second  case,  the  diminution  will  be  less  than  three  measures. 
It  is  unnecessary  to  repeat  in  this  place  the  directions  which 
have  already  been  given,  vol.  i.  p.  237,  for  analyzing  mixtures 
of  hydrogen  and  nitrogen  gases. 

{b)  If  the  gas  be  found  to  have  condensed  twice  its  volume 
of  oxygen,  and  to  have  given  an  equal  volume  of  carbonic 
acid,  it  may  be  considered  as  pure  carbureted  hydrogen  gas, 

(c)  If,  while  it  aflbrds  an  equal  volume  of  carbonic  acid,  it 
has  consumed  only  half  its  volume  of  oxygen,  these  are  the 
characters  of  pure  carbonic  oxide, 

(d)  But  if  the  gas  under  examination  does  not  answer  ex- 
actly in  its  characters  to  any  one  of  those  enumerated  in  the 
table,  it  may  be  inferred  to  be  a  mixture  of  two  or  more  of 
the  three  last,  with  perhaps  a  proportion  of  nitrogen. 

(e)  The  presence  of  nitrogen  will  be  indicated  by  our  find- 
ing, in  the  residuary  gas  after  the  action  of  liquid  potassa, 
more  nitrogen  than  can  be  traced  to  the  oxygen  gas  employed 
in  effecting  the  combustion,  l^o  decide  this,  add,  to  the  residue, 
nearly  twice  its  volume  of  hydrogen,  and  pass  an  electric  spark 
through  the  mixture.  If  an  explosion  take  place,  we  shall  learn 
the  amount  of  the  residuary  oxygen  by  dividing  the  diminution 
of  volume  on  firing  by  3,  and  the  quotient,  deducted  from  the 
whole  residue,  will  show  its  proportion  of  nitrogen.     If  the 
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quantity  of  nitrogen,  thus  determined,  agree  with  that  which 
formed  part  of  the  oxygen  gas,  no  nitrogen  is  indicated  in  the 
inflammable  gas;  but  if  it  exceed,  the  additional  quantity  must 
be  referred  to  the  combustible  gas. 

(f)  If  the  mixtui*e  consist  of  hydrogen,  carbureted  hydro- 
gen, and  carbonic  oxide,  without  any  nitrogen,  the  propor- 
tions of  each  may  be  investigated  as  follows.  Take  the  spe- 
cific gravity  of  the  gas  in  the  way  already  directed  vol.  i.  p. 
19,  and  then  try  what  hypothetical  proportions  \\\\\  most 
nearly  agree  with  the  characters  of  the  mixture.  An  example 
will  perhaps  best  explain  the  method  of  proceeding. 

Let  us  take  then  the  example  of  a  gas  of  specific  gravity 
0.7OJ2,  100  volumes  of  which  have  been  found  by  experiment 
to  afford  by  combustion  70  volumes  of  carbonic  acid,  the 
oxygen  expended  being  110  volumes,  and  the  diminution  on 
firing  amounting  to  140  volumes.  Now,  on  inspecting  the 
table,  it  must  be  obvious  that  these  70  volumes  of  carbonic 
«cid  cannot  all  have  been  produced  from  carbureted  hydrogen, 
ibr  in  that  case  they  would  have  required  140  volumes  of 
oxygen,  whereas  only  110  volumes  have  been  condensed. 
Fart  of  the  carbonic  acid  must  therefore  have  resulted  from  a 
gas  requiring  less  oxygen  than  is  consumed  by  carbureted 
liydrogen ;  and  the  only  gas  answering  to  this  description  is 
carbonic  oxide,  the  presence  of  which  in  the  mixture  may 
hence  be  safely  inferred.  The  levity  of  the  mixed  gas  indi- 
cates, also,  that  it  contains  hydrogen,  which  is  also  rendered 
probable  by  the  amount  of  the  diminution  on  firing.  On  try- 
ing various  proportions,  the  following  will  be  found  to  afford 
tlic  best  explanation  of  the  phenomena  and  products  of  com- 
•xjstion. 

Consume        Give  carbo-      Condensed 
oxygen.  nic  acid.  by  firing. 

40  vols,  of  carb.  hydrogen.  •  80 40 80. 

30 carbonic  oxide . .  15 30 15. 

30 hydrogen 15 0 45. 


loo  110.  70.  140. 

-  VOL.  II.  2  I 
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Tho  q)ecific  gi*avity  of  such  a  mii^ture  ought  to  be 

.9722  X  4  =  3.8888 
•690  X  S  =  .2070 
.9722  X  3  =  2.9166 


7.0124  -f-  10  =  0.70124. 

Such  a  coincidence  of  specific  gravity  with  the  results  of 
combustion  furnishes  all  the  evidence,  which  is  at  present  at- 
tainable, of  the  composition  of  mixtures  of  this  kind;  though 
it  must  be  confessed  that  it  is  less  complete  than  that  which 
may  be  obtained  in  almost  all  other  cases  of  gaseous  mixtures. 

yinalysis  of  Mixtures  of  Inflammalle  GaseSy  with  Gases 

thai  support  Combustion. 

XXXI.  No  mixture^  it  must  be  obvious,  can  exist  of  gases 
that  support  combustion  with  gases  that  are  spontaneously  in- 
flammable ;  for  instance,  of  oxygen,  nitrous  oxide,  or  chlorine 
with  phofphureted  hydrogen.  Nor  is  sulphureted  hydrogen 
compatible  with  chlorine  or  with  nitrous  gas ;  nor  chlorine 
with  olefiant  gas,  or  indeed  with  any  of  the  varieties  of  car- 
bureted hydrogen,  unless  light  be  carefully  excluded  from 
the  mixture.  But  oxygen  gas  and  atmospheric  air  may  be, 
and  the  latter  frequently  is,  mingled  with  hydrogen,  carbureted 
hydrogen,  defiant  gas,  or  carbonic  oxide. 

{e)  A  mixture  of  hydrogen  and  oxygen  gases  may  be  exa^ 
mined  either  by  exploding  the  mixture  (rendering  it  com* 
bustible,  if  not  already  so,  by  adding  more  of  the  gas  which 
may  be  deficient),  or  by  the  action  of  nitrous  gas,  or  of  a  so» 
lution  of  nitrous  gas  in  sulphate  of  iron. 

{b)  Atmospheric  air  mixed  with  hydrogen  may  be  investi- 
gated by  two  separate  experiments,  the  one  for  determining 
oxygen,  the  other  nitrogen,  by  rules  already  given,  vol.  u  p. 
236  and  237. 

(c)  The  presence  of  oxygen  gas  in  olefiaut  gas>  carbureted 
hydrogen,  or  carbonic  oxide,  may  be  easily  ascertained  by  the 
effect  of  adding  nitrous  gas,  which  produces  a  dense  red  vapour 
and  a  diminution  of  volume ;  and  the  quantity  of  oxygen  may 
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be  eBtimated  in  the  manner  described  vol.  i.  page  S08.  For 
detecting  nitrogen,  and  ascertaining  its  quantity,  rules  have 
already  been  given,  XXX.  d. 

Mixtures  of  Condensible  Vapours  with  Gases, 

XXXII.  There  are  several  vapours,  which,  at  ordinary 
temperatures^  are  capable  of  existing  as  such,  in  a  state  of  mix- 
tore  with  atmospherical  air  and  other  gases.  In  this  state,  it 
does  not  appear  that  the  vapour  is  united  with  the  gas  by  any 
dBni^,  but  rather  that,  according  to  the  theory  of  Mr.  Dalton, 
it  has  a  distinct  and  independent  existence ;  for  each  vapour, 
vhea  mingled  with  air  or  any  other  gas,  at  a  certain  tempera- 
ture^ has  exactly  the  same  tension  or  elasticity,  which  it  would 
iuTe  m  vacuo  at  the  same  temperature.  (Sec  page  384.)  It  is 
cttjr  then  by  inspecting  the  tables  contained  in  the  Appendix  to 
this  work,  showing  the  force  of  the  vapours  of  various  fluids  at 
diflerent  temperatures,  to  ascertain  what  proportion  those  va- 
pours form  of  the  whole  weight  of  any  gas.  For  example,  at 
^  Fahr.  and  SO  inches  of  the  barometer,  atmospheric  air, 
Mly  charged  with  moisture,  contains  aqueous  va)K>ur,  the 
force  of  which  is  equivalent  to  yV^'^  ^^^^  ^^  ^^^  whole  atmo* 
ipbere.  In  vol.  i.  p.  35,  rules  ai*e  given  for  calculating  what 
prnportion  of  any  mixture  of  gas  and  vapour,  the  vapour  con- 
itilutes  at  a  given  temperature  and  pressure.  With  respect 
to  the  vapour  of  water,  this  is  a  correction  which  requires 
fi^aently  to  be  made  in  calculating  the  weight  of  gases ;  and 
the  same  formula,  which  enables  us  to  determine  it  in  that  case, 
ii  applicable  to  others,  if  for  0.620,  (the  specific  gravity  of 
team)  we  substitute  the  specific  graviry  of  any  other  gas  or 
Vapour,  that  may  be  the  subject  of  investigation. 

The  vapours  which  may  be  occasionally  mixed  with  per- 
manent gases  are, 

(a)  Aqueous  vapour^  or  the  steam  of  water. — Tliis  must  nc- 
^iisarily  exist  in  all  gases  confined  by  water,  and  its  quantity 
^ill  be  proportionate  to  the  temperature,  as  ^hown  in  the  table 
of  the  force  of  vapour.  The  proportion  which  it  constitutes 
of  any  gas,  at  a  given  temperature,  may  be  determined  by 
^he  rule  given  vol.  i.  p.  25. 

2  I  2 
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Gases  standing  over  mercury  frequently  also  contain  aque- 
ous vapour.  Its  presence  may  be  shown,  either  by  surround- 
ing with  a  freezing  mixture  a  portion  of  the  gas  contained  in  a 
glass  tube,  when  the  inner  surface  of  the  tube  will  be  obscured 
by  a  thin  fihn  of  ice;  or  it  may  be  discovered  by  a  few  bub- 
bles of  fluoboric  gas,  which  occasion  a  dense  white  cloud. 
From  gases  confined  over  mercury,  aqueous  vapour  may  be 
removed,  by  bringing  into  contact  with  them  chloride  of  cal- 
cium, recently  cooled  from  a  state  of  fusion. 

{b)  Nitrous  acid  vapour. — Tliis  is  sufficiently  distinguishable 
by  its  red  colour,  and  its  odour  of  nitrous  acid.  It  is  incom- 
patible with  snlphureted,  phosphureted,  tellureted,  or  arse* 
nureted  hydrogen,  with  ammonia,  with  sulphurous  acid  when 
water  is  present^  and  probably  with  hydriodic  acid. 

(c)  The  vapour  of  alcohol  may  be  known  by  its  odour,  but 
it  does  not,  at  common  temperatures,  form  a  combustible  mix- 
ture with  atmospheric  air  or  oxygen  gas. 
.    (d)  The  vapour  of  ether  composes  with  oxygen  gas  an  in- 
flammable mixture  which  detonates  violently. 

AH  the  three  foregoing  vapours  are  separated  from  perma- 
nent gases  by  passing  the  mixture  through  water,  but  ether  less 
readily  than  the  others. 

{e)  The  vapour  of  naphtha  is  distinguishable  by  its  peculiar 
smell.  At  common  temperatures  it  does  not  form  a  combus- 
tible mixture  with  oxygen.  It  has  so  little  affinity  for  water 
that  a  gas,  with  which  it  is  mingled,  may  be  severed  times 
passed  through  water,  and  even  kept  over  that  fluid  without 
being  deprived  of  it.  (Saussure,  Ann.  of  Phil.  x.  120.) 

{f)  The  vapour  of  sulphuret  of  carbon  may  be  known  by 
its  smelly  and  by  the  other  properties  belonging  to  that  sub- 
stance, described  vol.  i.  p.  451. 

There  arc  various  other  fluids  which  yield  vapours  capable 
of  forming  permanent  mixtures  with  the  gases  ;  but  they  ate 
xiot  likely  to  become  subjects  of  examination,  and  in  general 
they  are  sufliciently  discriminated  by  the  characters  of  smell 
or  colour. 
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TABLE, 

Be/erring  io  the  Methods  of  detecting  the  different  Gases,  and 
analyzing  Mixtures  of  them  with  each  other. 

N.B.  The  numerals,  unless  otherwise  expressed,  refer  to 
the  Foregoing  paragraphs. 

Air,  atmospheric.  (See  the  Index  to  this  work,  article  £u« 
diometer.)     Mixed  with  combustible  gases,  XX XL 

Ammonia.  Absorption  by  water,  L  Separation  from  other 
gttes,  IIL 

Bicarbtireted  hydrogen.     See  hydrogen,  bicarbureied. 

Ihphosphnreted  hydrogen.     See  hydrogen^  biphosphureted. 

Borax.     Gases  absorbed  by,  V. 

Carbonic  acid.  Separation  from  muriatic  and  siilphuroun 
ftcid  gases,  VII.  From  sulphureted  hydrogen,  &c.  XXIX. 
flj  ^  c. 

Carbonic  oxide.  Characters,  and  method  of  estimating  its 
quantity,  XXX.  c. 

Carbureted  hydrogen.     See  hydrogen  carbureted. 

Chlorine.  Tests  of,  XVIL  a.  Separation  from  other  gases, 
i*  From  oxygen  gas,  XX.  a.  Action  on  combustible  gases, 
XXIV. 

Chlorine,  protoxide  of,  I.     Characters,  IIL  c, 

• peroxide  of,  I.     Characters,  IIL  c. 

Chloro-carbonic  acid,  VIII.  ^. 

Colours  of  gases,  IIL  c.    XIL 

Combustible  gases,  XXL  Mixtures  with  supporters  of  com- 
bastion,  XXXL 

Combustion,  gases  that  support,  XV.  XVL  &c. 

Cyanogen.     Tests  of,  IIL  £. 

Fliioboric  acid  gas.  Absorption  by  water,  L  Tests  of, 
VlII.  c. 

Fluosilicic  acid  gas.    Absorption   by  water,  I.     Tests  of^ 
VlIL  d. 
.  Gases,  acid,  II.  IV.     Fuming,  IV. 

■  absorption  by  water,  IX. 

alkaline,  II. 
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Gases,  coloured,  XII. 

combustible,  XXI.  XXX. 

.  that  support  combustioD,  XV.  XVI. 

incompatible,  II.  XX.  XXXI.  XXXII.  i. 

—  odour  of;  XIII.  XXI. 

Gmvili/,  s/>ecijic,  of  gases,  XI.  Its  coincidence  witb  amljlic^ 
results,  XXX.  c. 

Hydriodk  acid  gas.     Absorption,  I.     Tests  of,  VIII,  o,  k 

Hydrogen  gas.  Characters,  XXX,  n.  How  eGtimnted  wbn 
mixed  with  other  combustible  gKses,  XXX. 

Hydrogeii,arsaiureted.  Odour,XXI.  CharacterBjXXVIII.c. 

Hydrogen,  bicarbnreled.  {olejiont  gas.)  Action  of  chluritWk 
XXIV.  c.     Sepnratiou  from  other  gnses,  XXIX.  d. 

hydrogen,  tipluiipkureied,  XXIV.  a. 

carlurclcd.     Action  of  chlorine,  XX1\^  d.  How 

separated  from  other  gases,  XXX.     Ctmracti-rii,  XXX.  h. 

Hydrogen,  phoifihitreled,  (plioe^ihoric  gas)  XXIV.  a. 

potaiiurelcd.     Tests  of.  XXVIII.  l. 

• ielemreled.  Odour,  XXI.  Characters,  XXVIILA 

Hydrogen,  sul/)huyeled.     Odour,  XXI.     Action  of  chloriofi 

XXIV.  /'.     Absorbed  by  hot  solutions  of  lead  nnd  incrciirj, 
XXVII.  XXIX.  n. 

Hydrogen, /ellureled.  OtIoiir.XX/.  Characters, XX\'III.<>. 

Litmus.     Gases  that  redden  it,  X. 

Muriatic  acid  gas.  Absorption  by  water,  I.  By  borax,  V. 
It.    Analysis  of  mixtures  of,  VII. 

Nilrugeii,  with  oxygen  gas.  {See  air,  atmoxpheric.)  Analysts 
of  mixtures  of  witb  combustible  gases,  XXX.  d. 

Nitrous  acid  vapour,  XXXII.  /'. 

NilroHi  gat.     Tcstsof,  XIX.     Action  on  combustible gaK^ 

XXV.  Separation  from  oxygen  gas,  XX.  c. 

Nilroiis  oxide.  Tests  of,  XVIII.  Separation  from  oxygen 
gas,  XX.  /'. 

Odour  of  gases,  XIII.  XXI. 

Olefianl  gas.      Sec  Hydrogen,  licarlureled. 

Oxygen  gas.  Tests  of,  XVI.  Separation  from  chlorirtf, 
XX.  a;  from  nitrous  oxide,  XX.  t;  from  nitrous  gas,  XX. 
c;  from  combustible  gases,  XXV.  c;  XXXI.  (/. 

Phosgene.     See  Chloro-carlviiic  add  gas. 
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Phosphureled  hydrogen.     See  hydrogen.  * 

Poiassiff  liquid^  gases  absorbable  by,  XIV.  XXIIL 

Stdphureted  hydrogen.     See  hydrogen^  sulphureied. 

Sulphurous  acid.  Absorption  by  water,  L;  by  borax,  V. 
a;  by  peroxide  of  lead,  VI.  Separation  from  muriatic  add 
gas,  VIL  i;  from  carbonic  acid,  VII.  c. 

Tellureied  hydrogen.     See  hydrogen^  tellureied. 

Vapour.%  mixed  with  gases^  XXXIL 

fVater.  Action  on  gases,  I.  IX.  Steam  of  in  gases,  XXXIL  iiu 


SECTION  II. 

Directions  for  Examining  Mineral  IVaters. 

The  complete  and  accurate  analysis  of  mineral  waters,  and 
of  mineral  bodies  in  general,  is  one  of  the  most  difficult  mh-^ 
jects  of  chemical  manipulation,  and  requires  a  very  extensive 
acquaintance  with  the  properties  and  habitudes  of  a  numerous 
class  of  substances.  Long  and  attentive  study  of  the  science  is 
therefore  essential  to  qualify  any  one  for  undertaking  exact 
and  minute  determinations  of  the  proportions  of  the  compo- 
nent parts  of  bodies.  Such  minuteness,  however,  is  scarcely 
ever  required  in  researches  that  are  subservient  to  the  ordinary 
purposes  of  life;  a  general  knowledge  of  the  composition  of 
bodies  being  sufficient  to  assist  in  directing  the  most  useftil 
applications  of  them ;  and  this,  generally  speaking,  may  be 
obtained  by  experiments  that  require,  for  their  performance, 
only  a  moderate  share  of  skill  in  practical  chemistry.  In 
some  instances,  however,  where  a  variity  of  foreign  sub* 
stances  are  present  in  a  natural  water,  it  requires  exten- 
sive chemical  knowledge  and  great  consideration,  to  devise 
the  proper  experiments,  and  to  draw  the  proper  inferences 
fVom  their  results.  Much  indeed  must  always  be  left  to  the 
Judgment  of  the  operator,  and  this  will  be  materially  assisted 
by  a  careful  study  of  the  best  models  of  this  kind  of  investiga* 
tion,  which  are  to  be  found  in  the  analyses  of  particular  waters 
by  Black,  Lavoisier,  Marcet,  Phillips,  Gay  Lussac,  and  other 
eminent  chemists. 
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Before  proceeding  to  the  analysis  of  a  water,  it  is  proper  to 
inquire  into  its  natural  history,  and  to  examine  attentively  its 
physical  characters.  The  nature  of  the  strata  in  the  neigh- 
bourhood of  the  spring,  will  often  furnish  useful  suggestions 
respecting  the  contents  of  the  water ;  the  period  of  the  year 
should  be  stated  at  which  the  analysis  was  performed ;  and 
whether  after  a  rainy  or  dry  season.  The  temperature  of  the 
water  must  be  carefully  observed,  as  it  issues  from  the  spring; 
and  the  quantity  inquired  into,  which  it  yields  in  a  given  time. 
The  sensible  qualities  of  taste,  smell,  degree  of  transparency, 
&c.,  are  also  I)e8t  ascertained  at  the  fountain-head.  The  spe- 
cific gravity  of  the  water  may  be  found  by  weighing  a  bottle, 
which  is  capable  of  containing  a  known  weight  of  distilled 
water  at  a  certain  temperature,  filled  with  the  water  under 
examination,  at  the  same  temperature;  or  by  the  use  of  a  very 
sensible  hydrometer,  as  recommended  by  Mr.  Dalton.  (Man- 
chester Society's  Memoirs,  N.S.  iii.  54<.)  It  is  proper,  also, 
to  examine,  on  the  spot,  the  channel  through  which  the  water 
has  flowed ;  to  collect  any  deposit  that  may  have  been  formed ; 
and  to  investigate  its  nature. 

The  efiects  of  heat  on  the  water  may  be  next  tried. — Many 
waters  lose  their  transparency  when  their  temperature  is 
raised,  and  let  fall  a  considerable  deposit.  The  quality  of 
this  may,  in  some  degree,  be  conjectured  from  its  appearance. 
If  its  colour  be  brownish  yellow,  it  consists,  either  wholly  or 
chiefly,  of  oxide  of  iron;  if  white,  or  nearly  white,  it  is  com- 
posed principally  of  the  carbonate  of  lime  or  magnesia.  A  mi- 
neral water,  containing  iron,  deposits  that  metal  also,  wh^ 
exposed  to  the  atmosphere ;  and  a  thin  pellicle  forms  on  its 
surface,  whether  stagnant  in  a  natural  reservoir,  or  collected 
in  a  separate  vessel.  By  this  exposure,  iron  may  be  some- 
times discovered  in  a  water,  though  not  easily  detected  at  first ; 
because  it  becomes  farther  oxidized,  and  more  sensible  to  the 
action  of  tests.  An  exception,  however,  to  this  remark  will 
be  stated  in  describing  the  application  of  the  test  of  tincture 
of  galls.  Sulphuretcd  waters  deposit  a  sediment)  even  when 
preserved  in  a  well-closed  phial ;  the  hydrogen  quitting  the 
sulphur,  which  settles  in  the  form  of  a  white  powder. 
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Art.  I. — Examination  of  Mineral  IVnters  by  Re-agenis. 

Water  is  never  presented  by  nature  in  a  state  of  complete 
purity.  Even  when  collected  as  it  descends  in  the  Form  of 
rain,  chemical  tests  detect  in  it  a  minute  proportion  of  foreign 
ingredients.  And  when  it  has  been  absorbed  by  the  earth,  has 
traversed  its  different  strata,  and  is  returned  to  us  by  springs, 
it  is  found  to  have  acquired  various  impregnations.  The 
readiest  method  of  judging  of  the  contents  of  natural  waters^ 
is  by  applying  what  are  termed  les/s,  or  re-agents ;  t.  e.  sub- 
stances which,  on  being  added  to  a  water,  exhibit,  by  the  phe- 
nomena they  produce,  the  nature  of  the  saline,  or  other  in« 
gredients. — For  example,  if,  on  adding  infusion  of  litmus  to 
any  water,  its  colour  is  changed  to  red,  we  infer,  that  the 
water  contains  an  uncombined  acid :  if  this  change  ensue, 
even  after  the  water  has  been  boiled,  we  judge  that  the  acid  is 
a  fixed,  and  not  a  volatile  one :  and  if,  on  adding  the  muri- 
ate of  baryta,  a  precipitate  falls  down,  we  safely  conclude 
that  the  peculiar  acid,  present  in  the  water,  is  either  entirely, 
or  in  part,  the  sulphuric  acid.  I  shall  first  enumerate  the  tests 
generally  employed  in  examining  watei*s,  and  describe  their 
application;  and,  afterwards,  point  out  by  what  particular 
tests  the  substances,  generally  found  in  waters,  may  be  de- 
tected. 

In  many  instances,  a  mineral  water  may  contain  a  saliney  or 
other  ingredient,  but  in  such  small  quantity  as  to  escape  dis- 
covery by  tests.  It  is  therefore  advisable  to  apply  the  tests  ct 
fixed  substances  to  the  water,  after  reducing  its  bulk  one  half, 
or  in  some  cases  considerably  more,  by  evaporation,  as  well 
as  in  its  natural  state. 

The  use  of  tests,  or  re-agents,  has  been  employed  by 
Mr.  Kirwan  to  ascertain  by  a  careful  examination  of  the  pre- 
cipitate not  only  the  hhidy  but  the  (juafiiitij,  of  the  ingredients 
of  mineral  waters.  This  will  be  best  understood  from  an  ex- 
ample. It  is  an  esUiblished  fact,  that  100  parts  of  crystallized 
chloride  of  sodium,  when  completely  decomposed  by  nitrate  of 
silver,  yield,  as  nearly  as  possible,  240  of  precipitated  chloride 
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of  silver.  From  the  weight  of  the  precipitate,  separated  by 
nitrate  of  silver  from  a  given  quantity  of  any  water,  it  is  there- 
fore easy,  when  no  other  muriatic  salt  is  present,  to  infer, 
what  quantity  of  chloride  of  sodium  was  contained  in  the 
water;  since  every  hundred  grains  of  fused  chloride  of  silver 
indicate,  pretty  accurately,  41-^  of  crystallized  common  salt. 
The  same  mode  of  estimation  may  be  applied  in  various  other 
instances ;  and  the  rule  for  each  individual  case  will  be  stated 
in  the  following  description  of  the  use  of  the  various  re-agents. 
The  scale  of  equivalents  will  give,  by  mere  inspection,  the 
quantities  of  different  salts,  from  which  the  pi^ecipitates  that 
are  obtained,  have  resulted.  It  is,  indeed,  an  instrument  quite 
essential  in  prosecuting  investigations  of  this  kind.* 

For  the  analysis  of  mineral  waters,  and  of  mineral  bodies 
in  general,  tests  of  the  utmost  purity  are  required.  These 
will  be  found  enumerated  in  their  order  in  the  following 
pages,  and  they  are  all  absolutely  necessary  in  investigating 
the  composition  of  natural  waters.  It  will  be  found  extremely 
useful  to  keep  the  three  mineral  acids,  the  alkalis,  and  the 
alkaline  carbonates,  in  a  liquid  form,  and  of  such  strength, 
that  one  measure  of  the  one  will  neutralize  either  one  measure^ 
or  some  simple  multiple  of  one,  of  the  other.  The  advantage^ 
thus  obtained,  is,  that  when  it  is  necessary  to  precipitate  a 
substance,  held  in  solution  by  an  acid,  we  can  take  just  the 
quantity  of  alkali  required  for  the  purpose ;  a  precaution  of 
great  use  in  all  cases,  where  the  substance  to  be  precipitated 
is  re-dissolved  by  adding  an  excess  of  the  precipitant;  as 
happens,  for  instance,  with  respect  to  alumina,  which  is  pre- 
cipitated by  the  proper  quantity  of  potassa,  and  re-dissolved 
by  adding  more.  It  is  of  no  consequence  of  what  precise 
strength  these  solutions  are;  but  the  following  will  be  found 
of  convenient  density;  and,  though  perhaps  the  numbers 
may  require  a  little  correction  in  some  instances,  yet  they 
are  sufficiently  accurate  for  the  purpose  they  are  intended 
to  serve. 


*  See  the  directions  for  its  use,  prefixed  to  tlie  Table  of  Equivolents  ir 
the  Appendix. 
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Measures  for      100  Water  gr. 
TiyiM^-  Bp,  grarity*         saturatlou.     measure  contain 

Sulphuric  acid. ...  1 .1S5 1 15.7   gr.  real 

Nitric  acid l.HS 1 23.27  gr.  do. 

Muriatic  acid  • .  •  •  1.074 1 1 1 .89  gr.  do. 

Potassa. .  •  • « 1 .100 2 .9.3    gr.  do. 

Soda.  •  • 1.070 2 6.1    gr.  do. 

Ammonia 0.970  ••.•••  1 

Sobcarb.  potassa .  •  1.248 1 31.     gr.  drjr 

■  soda*. .  •  1.110 2 11.5    gr.  dry 

ammonia  1.046 2 

The  first  column  of  the  foregoing  Table  expresses  the  spe- 
cific gravity  of  the  liquid  test;  the  second,  the  number  of 
amsmresof  each  required  for  saturating  any  of  the  others; 
and  the  third,  the  number  of  grains  of  real  acid,  real  alkali, 
criolid  carbonate,  in  100  measures  of  solution,  each  measure 
hang  equal  to  a  grain  of  water.  From  the  last  column,  and 
vitb  the  aid  of  the  Scale  of.  equivalents^  it  is  easy  to  calculate 
horn  much  of  any  other  test,  of  known  composition,  is  re- 
qnred  for  decomposing  100  water  grain  measures  of  any  of 
tlie  solutions  in  the  Table.  Thus  15.7  grains  of  real  sul- 
phnric  acid  will  be  found,  by  Dr.  Wollaston's  scale,  to  bo 
apsble  of  decomposing  41.2  grains  of  dry  chloride  of  barium 
(equal  to  48  of  the  crystallized  salt).  It  may  be  advi- 
sable, therefore,  to  keep  muriate  of  baryta,  of  such  strength, 
that  400  water  grain  measures  may  be  equivalent  to  48  grains 
of  the  crystals ;  in  which  state  the  solution  will  be  more 
convenient  for  use,  than  if  it  were  stronger.  The  same  plan 
ittay  be  extended  to  other  tests^  the  quantities  of  which  may 
thus  be  accurately  adjusted  to  the  purpose  intended  to  be 
answered.  Indce<1,  it  would  contribute  very  much  to  accuracy, 
M  well  as  to  economy,  if  all  the  chemical  solutions,  kept  for 
purposes  of  research,  had  their  specific  gravity,  and  the  pro- 
portion of  their  ingredient  in  a  real  or  solid  state,  marked  on 
^  labels  of  the  bottles  containing  them,— a  practice  of  which 
*  have  long  experienced  the  advantages.  When  we  are  thus 
Povided  with  tests  of  known  purity  and  strength,  Mr.  Dalton 
'^mmends  that  we  drop,  into  a  measured  quantity  of  the 
^^ter  under  examination,  certain  known  quantities  of  each  test 
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from  a  dropping  tube  graduated  into  grains,  till  the  required 
effect  is  produced  ;  then  from  the  quantity  of  the  test  expended, 
the  quantity  of  saline  matter  in  the  water  may  be  determined 
without  the  trouble  of  collecting  the  precipitate ;  or  if  the  latter 
be  done,  the  one  method  will  be  a  check  upon  the  other. 
(Manchester  Society's  Memoirs,  N.S.  iii.  61.) 

When  filters  of  paper  are  used  for  collecting  precipitates, 
great  caution  is  necessary  that  their  weight  should  be  the 
same,  before  and  after  the  experiment.  Even  during  the  time 
of  weighing,  they  acquire  moisture  from  the  atmosphere ;  and 
it  is  therefore  necessary,  before  taking  their  weight  coiTectly, 
to  obtain  an  approximation  to  it;  after  which,  the  paper  being 
again  dried,  less  time  is  occupied  in  determining  it  within  the 
fraction  of  a  grain.  The  unsized  paper,  which  accompanies 
Mr.  Watt's  copying  machines,  answers  the  purpose  extremely 
well.  It  is  this  which  was  always  employed  by  Berzclius, 
whenever  he  used  filters  at  all ;  but  their  use,  when  the  nature 
of  the  precipitate  admits,  he  thinks  should  be  avoided.*  I 
am  not  inclined,  however,  to  coincide  in  his  rejection  of  filters, 
and  am  of  opinion  that,  when  they  are  carefully  and  skilfully 
used,  there  is  no  better  way  of  collecting  and  drying  precipi- 
tates. In  order  to  wash  away,  completely,  all  soluble  matter, 
a  stream  of  distilled  water  should  be  directed  upon  the  edge 
of  the  paper,  when  laid  in  the  funnel,  either  from  a  dropping 
tube  or  from  the  bottle,  fig.  25,  a. 

I. — Infusion  of  LilmuSj  Syrup  of  Violets^  Sfc. 

The  infusion  of  litmus  is  prepared  by  steeping  for  several 
hours  this  substance,  first  bruised  in  a  mortar,  and  tied  up  in 
a  linen  bag,  in  distilled  water,  which  extracts  its  blue  colour. 

If  the  colour  of  the  infusion  tend  too  much  to  purple,  it  may 
be  amended  by  a  drop  or  two  of  solution  of  pure  ammonia; 
but  of  this  no  more  must  be  odded  than  is  barely  sufficient, 
lest  the  delicacy  of  the  test  should  be  impaired. 

The  syrup  of  violets  is  not  easily  obtained  pure.  The 
genuine  syrup  may  be  distinguished  from  the  spurious  by  a 
solution  of  corrosive  sublimate,  which  changes  the  former  to 

•  78  Ann.  deChim.  3J. 
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green,  while  it  reddens  the  latter.  When  it  can  be  procured 
genuine,  syrup  of  violets  is  an  excellent  test  of  acids,  and  may 
be  employed  in  the  same  manner  as  the  infusion  of  litmus. 
It  indicates,  also,  the  presence  of  alkalis,  which  turn  it  green. 

Paper  stained  with  the  juice  of  the  March  violet,  or  with 
that  of  the  scrapings  of  radishes^  answers  a  similar  purpose ; 
being  turned  red  by  acids,  and  green  by  alkalis.  In  staining 
paper  for  the  purpose  of  a  test,  the  paper  must  be  used  un- 
sized ;  or,  if  sized,  it  must  previously  be  well  washed  with 
warm  water;  because  the  alum,  which  enters  into  the  compo- 
sition of  the  size,  will  otherwise  change  the  vegetable  colour 
to  red. 

In  the  Philosophical  Magazine,  vol.  i.  page  180,  may  be 
found  some  recipes  for  other  test  liquors,  invented  by  the  late 
celebrated  Mr.  Watt. 

Infusion  of  litmus  is  a  test  of  most  uncombined  acids. 

1.  If  the  infusion  redden  the  unboiled,  but  not  the  boiled 
water,  under  examination ;  or  if  the  red  colour,  occasioned 
by  adding  the  infusion  to  a  recent  water,  return  to  blue,  on 
boiling ;  we  may  infer,  that  the  acid  is  a  volatile  one,  and 
most  probably  the  carbonic  acid.  Sulphurcted  hydrogen  gas, 
dissolved  in  water,  also  reddens  litmus,  but  not  after  boiling ; 
and  its  presence  is  easily  discovered  by  its  offensive  smell. 

2.  To  ascertain  whether  the  change  be  produced  by  carbonic 
acid  or  by  sulphureted  hydrogen,  when  experiment  shows  that 
the  reddening  cause  is  volatile,  add  a  little  lime-water,  or,  in 
preference,  barytic  water.  This,  if  carbonic  acid  be  present, 
will  occasion  a  precipitate,  which  will  dissolve,  with  efferves- 
cence,  on  adding  a  little  muriatic  acid.  Sulphureted  hydrogen 
may  also  l>e  contained,  along  with  carbonic  acid,  in  the  same 
water ;  which  will  be  determined  by  the  tests  hereafter  to  be 
described. 

In  some  cases,  when  the  change  of  colour  is  so  slight  as  to 
be  scarcely  perceptible,  it  may  be  proper  to  use  half  a  pint  or 
more  of  the  water  which  we  are  examining,  and  to  mix  it  with 
the  infusion  of  litmus  in  a  broad  shallow  glass  vessel,  set  on  a 
sheet  of  white  paper ;  using  for  the  sake  of  comparison  a  simi- 
lar vessel  of  distilled  water,  coloured  by  an  equal  quantity  of 
the  litmus  infusion. 
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3.  Paper  tinged  with  litmus  is  also  reddened  by  the  presence 
of  carbonic  acid,  but  renins  its  blue  colour  on  drying.  The 
mineral  and  fixed  acuJs  redden  it  permanently.  That  thew 
acids)  however,  may  produce  their  effect,  it  is  necessary  that 
they  should  be  present  in  a  sufficient  proportion.*  The  dark 
blue  paper,  which  is  generally  wrapped  round  loaves  of  refined 
sugar,  is  not  discoloured  by  carbonic  acid  or  sulphureted  hy* 
drogen,  but  only  by  the  stronger  acids. 


II, — Infushn  of  Litmus  reddened  hy  Vinegar,* — Sfnrii 
Tincture  of  Brazil-wood^ — Tincture  of  Turmeric^  and  Paper 
stained  with  each  of  these  three  Substances^ — AcidTinciurerf 
Cal'bagej — Syrtfp  of  Violets. 

All  these  different  tests  have  one  and  the  same  object. 

1.  Infusion  of  litmus  reddened  by  vinegar,  or  litmos  paper 
reddened  by  vinegar,  has  its  blue  colour  restored  by  pore 
alkalis  and  pure  earths,  and  by  carbonated  alkalis  and  earths. 
This  effect  is  even  produced  by  carbonate  of  lime  dissolved 
by  a  considerable  excess  of  carbonic  acid ;  for  in  this  case  the 
fixed  acid,  which  reddens  the  litmus,  is  neutralized  by  the 
lime,  and  the  volatile  carbonic  acid  is  displaced.  Hence  it  is 
that  lime,  though  supersaturated  with  carbonic  acid^  most 
necessarily  act  like  an  alkali  on  vegetable  colours. 

2.  Turmeric  paper  and  tincture  are  clianged  to  a  reddish 
brown  by  alkalis,  whether  pure  or  carbonated,  and  by  pure 
eartlis,  but  not  by  carbonated  earths.  Dr.  Bostock  finds  that 
it  is  obviously  affected  by  a  solution,  containing  only  ^Vw  ^ 
its  weight  of  potassa. 

Turmeric  paper,  it  must  however  be  stated,  is  turned  brown 
by  muriatic  acid  gas  and  strong  acids  in  general ;  by  boradc 
acid ;  sub-acetate  of  lead ;  by  all  the  soluble  salts  of  iron  except 
the  acetate;  by  submuriate  of  zinc;  and  by  several  othff 
metallic  salts,  enumerated  by  Mr.  Faraday.  (Quarterly  Jour* 
nal|  xiii.  315.) 

3.  The  red  infusion  of  Brazil-wood,  and  paper  stained  with 
it»  become  blue  by  alkalis,  and  earths,  and  even  by  the  lattff 


*  See  Kirwan  on  Mioeral  Waters,  p.  40. 
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when  dissolved  by  nn  excess  of  carbonic  acid.  In  the  last- 
mentioned  case,  however,  the  change  will  either  cease  to  ap- 
pear, or  will  be  much  less  remarkable,  when  the  water  has 
been  boiled.  It  has  been  shown,  also,  by  Bonsdorff,  that  both 
the  paper  and  tincture  are  affected  by  acids,  a  rose  colour 
being  generally  produced,  but  in  a  manner  and  degree  varying 
with  each  particular  acid.     (Annals  of  Phil.  N.S.  iv.  23.) 

4.  Infusion  of  the  leaves  of  red  cabbage  in  very  dilute  suU 
phuric  acid  has  a  red  colour,  which  is  rendered  blue  by  alkalis^ 
when  added  in  quantity  just  sufficient  to  neutralize  the  acid* 
Hence,  if  the  infusion  be  made  with  a  known  quantity  of  acid, 
it  becomes  a  test  of  the  quantity  of  alkali  in  any  solution.  As 
it  is  apt  to  spoil  by  keeping,  it  should  be  prepared  fresh  when 
wanted,  from  the  leaves,  dried  carefully  and  preserved  in  corked 
vials. 

5.  Syrup  of  violets,  when  pure,  is,  by  the  same  agents, 
turned  green  ;*  as  is  also  paper  stained  with  the  juice  of  the 
violet,  or  with  the  scrapings  of  radishes. 

III. — Tincture  of  Galls. 

Tincture  of  galls  is  the  test  generally  employed  for  discover- 
ing iron ;  with  all  the  combinations  of  which  it  produces  a 
black  tinge,  more  or  less  intense  according  to  the  quantity  of 
iron.  The  iron,  however,  which,  in  natural  waters,  exists  in 
the  state  of  protoxide,  in  order  to  be  detected  by  this  test, 
must  be  in  the  state  of  peroxide.  If  oxidized  in  a  less  degree, 
its  effect  will  not  be  apparent,  unless  after  standing  some  time 
in  contact  with  the  air,  or  adding  some  substance,  such  as  a 
little  of  the  solution  of  chloride  of  lime,  which  speedily  con- 
verts the  protoxide  into  peroxide.  By  applying  tincture  of 
galls  before  and  after  evaporation  or  boiling,  we  may  know 
whether  the  iron  be  held  in  solution  by  carbonic  acid,  or  by  a 
fixed  acid ;  For, 

1.  If  it  produce  its  effect  before  the  application  of  heat^  and 
not  afterward,  carbonic  acid  is  the  solvent. 


*  In  preference  to  the  syrup,  Mr.  Descroizilles  recommends  as  a  test  the 
pickle  of  violets,  prepared  by  adding  common  salt  to  th«  expressed  juice. 
(Ann  ales  de  Chimie,  Uvii.  80;  or  Nicholson's  Journal,  »▼.  23^2.) 
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2.  If  after  boiling  and  filtration  through  paper,  as  well  as 
before,  a  mineral  acid  is  the  solvent. 

3.  If,  by  the  boiling,  a  yellowish  powder  be  precipitated, 
and  yet  galls  continue  to  strike  the  water  black,  the  iron, 
as  often  happens,  is  dissolved  both  by  carbonic  acid  and  by  a 
fixed  acid.  A  neat  mode  of  applying  the  gall-test  was  used 
by  M.  Klaproth,  in  his  analysis  of  the  Carlsbad  water;  a 
slice  of  the  gall-nut  was  suspended  by  a  silken  thread  in  a 
large  bottle  of  the  recent  water,  and  so  small  was  the  quantity 
of  iron,  that  it  could  only  be  discovered  in  water  fresh  from 
the  spring,  by  a  slowly -formed  and  dark  cloud,  surrounding 
the  re-agent.* 

It  has  been  remarked  by  Mr.  R.  Phillips,  that  the  presence 
of  carbonate  of  lime  modifies  considerably  the  action  of  the  gall 
test  on  iron.  When  the  iron  is  at  the  minimum  of  oxidation, 
it  rather  heightens  the  colour  produced  by  this  test ;  but  when 
the  metal  is  in  the  state  of  per-oxide,  it  diminishes  the  eflixrt 
so  much,  that  a  very  minute  quantity  of  iron  may  elude  en- 
tirely the  action  of  the  gall  test.  An  ounce  measure  of  solu- 
tion of  carbonate  of  lime,  containing  -y^'^p  th  of  a  grain  of 
protoxide  of  iron,  was  sensibly  affected  by  tincture  of  galls ; 
but  the  same  proportion  of  protoxide,  by  being  converted  into 
peroxide,  ceased  any  longer  to  affect  the  test.  (See  Children's 
Translation  of  Thenard,  p.  250.) 

IV. — Sulphuric  Acid. 

1.  Sulphuric  acid  discovers,  by  a  slight  effervescence,  the 
presence  of  carbonic  acid,  whether  uncombined  or  united  witli 
alkalis  or  earths. 

2.  If  lime  be  present,  whether  pure  or  uncombined,  the 
addition  of  sulphuric  acid  occasions,  after  a  few  days,  a  white 
precipitate.  If  from  a  mineral  water,  which  has  been  well 
boiled,  the  addition  of  sulphuric  acid  extricates  sulphureted 
hydrogen  gas,  Mr.  Westrumb  infers  the  presence  of  bydro- 
sulphuret  of  lime.  In  this  case,  sulphate  of  lime  is  precipi- 
tated.f 


Klaproth,  vol.  i.  page  ^79.  t  Nicholson's  Journal,  xviii.  40. 
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3.  Baryta  is  precipitated  instantly,  in  the  form  of  a  white 
owder. 

4.  Nitric  ami  muriatic  salts,  in  a  dry  state,  or  dissolved  in 
ny  little  water,  on  adding  sulphuric  acid,  and  applying  heat, 
re  decomposed;  and  if  a  stopper,  moistened  with  solution  of 
uie  ammoniay  be  held  over  the  vessel,  white  clouds  will 
ppear.  For  distinguishing  whether  nitric  or  muriatic  acid 
le  the  cause  of  this  appearance,  rules  will  be  given  hereafter. 

5.  Sulphuric  acid  is,  also,  a  delicate  test  of  the  presence  of 
Ngetable  or  carbonaceous  matter.  When  to  any  water  con- 
tiining  it,  sulphuric  acid  is  added,  and  the  water  is  evaporat- 
d,  it  acquires  a  distinct  brown  colour,  which  becomes  deeper 
M  the  liquor  becomes  more  concentrated. 

V, — NilrU  and  Nitrous  Acids. 

These  acids,  if  they  occasion  eirervcsccnce,  give  the  same 
indications  as  the  sulphuric.  Tlie  fuming  red  nitrous  ncid 
has  been  recommended  as  a  test  distliifruishinir  between 
kpatic  waters  that  contain  hydro-sulpluiret  of  potassa,  and 
thoie  that  contain  only  sulphureted  hydrogen  gas.  In  the 
fanner  case,  a  precipitate  ensues  on  adding  nitrous  acid,  and 
ftTery  fetid  smell  arises;  in  the  latter,  a  slight  cloudiness  only 
appears,  and  the  smell  of  the  water  becomes  less  disagreeable. 
If  a  water,  after  boiling,  gives  a  precipitate  of  siil])luir9  on 
idding  nitrons  acid,  Westrumb  concludes  that  this  is  owing 
to  hydro*sulphuret  of  lime. 

VL — Oxalic  Acid  and  Oxalates, 

The  oxalic  acid  is  a  most  delicate  test  of  lime,  which  it  se* 
pvstes  from  most  of  its  combinations. 

h  If  a  water,  which  is  precipitated  by  oxalic  acid,  l)ecome 
^ky  on  adding  a  watery  solution  of  carbonic  acid,  or  by 
Uoviog  air  through  it  from  the  lungs,  by  means  of  a  quill  or 
HW  tube,  we  may  infer,  that  pure  lime  (or  baryta,  whicli  has 
^er  yet  been  found  pure  in^  water)  is  present. 

2.  If  the  oxalic  acid  occasion  a  precipitate  before,  but  not 
Uter  boiling,  the  lime  is  dissolved  by  an  excess  of  carbonic 
^id.    In  this  case,  by  heating  the  water,  carbonate  of  lime  is 

VOL.  II.  2   K 
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iH>pftrat«<1,  in  the  form  of  a  white  Kcdimcnt,  or  of  a  ie<liinenl 
tinged  yellow  l>y  oxide  of  iron,  when  tliat  metal  is  qIsu  pn- 
■cut. 

S.  If  oxalic  acid  occasion  &  precipitate  even  after  botling. 
the  Bolvent  of  the  time  is  a  fixed  acid.  A  considerable  excess 
of  any  of  the  mineral  acids,  however,  picvonts  the  oxalic  acid 
from  throwing  down  a  precipitate,  even  tJiough  lime  he  pre- 
sent ;  became  some  acids  decompose  the  oxalic,  and  otltm, 
dissolving  the  oxalate  of  liaie,  prevent  it  from  appearing,* 

The  oxalate  of  ammonia,  or  of  }Kitaa»i  (which  may  easily  bt 
fiirnied  by  salarating  the  respective  cnrbonalet  of  these  aikalit 
with  a  solution  of  oxalic  acid),  are  not  liable  to  the  nboir 
objection,  and  are  preferable,  as  re-agents,  to  the  uncoiubiool 
acid.  Yet  even  these  oxalates  fail  lo  detect  lime  when  greallj 
supersaturated  with  muriatic  or  nitric  ncids;  and,  if  &uch  in 
excess  be  present,  it  must  be  neutralized,  before  adding  the 
test,  with  pure  ammonia.  A  precipitation  wilt  then  bo  pro- 
dnced.  The  presence  of  other  earths  in  solution,  alunj;  v\& 
lime,  also  impedes  decomposition  by  oxalic  acid  and  w 
oxalates.  Tlius  a  watery  solution  of  sulphate  of  magnesia  uxl 
sulphate  of  lime  is  not  precipitated  by  tlicsc  tests. 

The  quantity  of  time  contained  in  the  precipitate  itinylv 
known,  by  first  calcining  it  with  access  of  air,  which  convcfU 
the  oxalate  into  a  carbonate;  and  by  ex|>eliing  from  this  W 
its  carbonic  acid,  by  calcination,  with  a  strong  heat,  in  ■ 
covered  crucible.  According  lo  Dr.  Marect,  U7  grains  of 
sulphate  of  lime  give  100  of  oxalate  of  lime,  dried  at  ICC; 
but  as  there  must  be  some  uncertainty  as  to  the  degree  of 
desiccation,  it  is  perhaps  the  most  accurate  method  to  cenverl 
the  oxalate  into  pure  lime  by  calcination.  The  usoofoxililc 
of  ammonia,  lliat  excellent  nnolyst  finds,  is  in  some  il^gt* 
limited  by  its  projKrty  of  precipitating  the  salts  of  iron. 

The  fluntc  of  ammonia,  recommended  by  Scheele,  I  finill* 
be  a  most  delicate  test  of  lime.  It  may  be  prepared  by  itfdiBf 
carbonate  of  ammonia  to  diluted  fluoric  acid,  in  a  lewlca  nf 
sel,  observing  that  there  be  n  small  excess  of  acid. 

•  S«e  hirwan  on  VVnlcrt,  p.  8B. 
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VIL— Pttfe  Alkalis  and  Carbonated  Alkalis. 

]«  The  pure  fixed  alkalis  precipitate  most  of  the  earths  and 
all  the  metals,  whether  dissolved  by  volatile  or  fiiced  menstrua) 
but  only  in  certain  states  of  dilution  $  for  fxample,  sulphate  of 
alumina  may  be  present  in  water,  in  the  proportion  of  four 
grains  to  500,  without  being  discovered  by  pure  fixed  alkalis; 
and  if  toQ  much  of  the  alkali  be  added  to  a  mcNre  concentrated 
solution,  the  alumina  is  re-dissolved.  If  the  alkali  be  perfectly 
free  from  carbonic  acid,  it  does  not  precipitate  lime,  strontia, 
or  baryta,  except  when  those  earths  are  held  in  solution  by 
carbonic  acid  in  excess,  and  then  in  the  state  of  carbonates* 

As  the  alkalis  precipitate  so  many  substances,  it  is  evident 
that  they  cannot  afford  any  very  precise  information,  when 
employed  as  re-agents.  From  the  colour  of  the  precipitate^ 
as  it  approaches  to  ^a  pure  white,  or  recedes  from  it,  an  ex- 
perienced eye  will  judge,  that  the  precipitated  earth  contains 
less  or  more  of  metallic  admixture.  Its  precise  composition 
must  be  ascertained  by  rules  which  will  presently  be  given. 

S.  Pure  fixed  alkalis  also  decompose  all  salts  with  basis  of 
ammonia,  which  becomes  evident  by  its  smell  (unless  the  salts 
ore  dissolved  in  much  water),  and  also  by  the  white  fumes  it 
exhibits  when  a  stopper,  moistened  with  muriatic  acid,  is 
brought  near. 

3.  Carbonates  of  potassa  and  of  soda  have  similar  effects. 

4.  Pure  ammonia  precipitates  most  of  the  earthy  and  all  the 
metallic  salts ;  but  if  quite  pure,  it  does  not  precipitate  lime, 
baryta,  or  strontia,  when  held  in  solution  by  any  acid,  except 
the  carbonic,  nor  does  it  discover  very  small  quantities  of 
magnesia.  It  has  this  advantage  as  a  precipitant  of  alumina, 
that  when  added  in  excess  it  does  not  re-<Iissolve  that  earth. 
To  any  liquid  that  contains  copper  or  nickel  in  a  state  of 
solution,  ammonia  imparts  a  deep  blue  colour ;  the  precipi- 
tated oxides  of  those  metals  being  re-dissolved  by  an  excess  of 
the  volatile  alkali. 

5.  Carbonate  of  ammonia  has  the  same  properties,  except 
that  it  does  not  precipitate  magnesia  from  its  solutions  at  com- 
mon temperatures.    Hence,  to  ascertain  whether  this  earth 

2  K  2 
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be  present  in  any  solution,  add  the  carbonate  of  ammonia  till 
no  farther  precipitation  ensues;  filter  the  liquor;  raise  it 
nearly  to  212^  Fahrenheit ;  and  then  add  pure  ammonia.  If 
any  precipitation  now  occurs,  we  may  infer  the  presence  of 
magnesia.  ^It  must  be  acknowledged  that  zirconia,  yttria,  and 
glucina,  would  escape  discovery  by  tliis  process ;  but  they  have 
never  yet  been  found  in  mineral  waters ;  and  their  presence 
can  scarcely  be  expected.  Of  the  presence  of  magnesia  an* 
other  test  is  described  in  Section  XIX. 

\llI.—Lime4Faier. 

1 .  Lime-water  is  applied  to  the  purposes  of  a  test,  chiefly 
for  detecting  carbonic  acid.  Let  any  liquor  supposed  to  con- 
tain this  acid  be  mixed  with  an  equal  bulk  of  lime-water.  If 
carbonic  acid  be  present,  either  free  or  combined,  a  precipi- 
tate will  immediately  appear,  which,  on  adding  a  few  drops  of 
muriatic  acid,  will  again  be  dissolved  with  effervescence. 

2.  When  lime-water  is  added  to  a  water  containing  carbo- 
nate of  lime  dissolved  by  an  excess  of  carbonic  acid,  that 
excess  unites  with  the  lime,  and  forms  an  insoluble  precipitate. 
In  this  case,  in  addition  to  the  carbonate  of  lime  which  before 
existed  in  the  water,  a  fresh  portion  of  carbonates  is  formed, 
and  both  are  precipitated  together. 

8.  When  neither  uncombined  carbonic  acid,  alkaline  or 
earthy  carbonates,  alumina,  nor  oxide  of  iron,  exist  in  a  mineral 
water,  lime-water  is  one  of  the  best  precipitants  of  magnesia. 
It  is  necessary,  however,  in  order  to  obtain  the  magnesia,  to 
concentrate  the  water  by  evaporation.  Less  than  tlie  twelfth 
part  of  a  grain  of  magnesia  in  a  wine  pint  of  water,  Mr. 
Phillips  finds  may  be  shown  to  exist  by  adding  lime-water. 
(Ann.  of  Phil.  N.S.  i.  309.) 

4.  Lime-water  will  also  show  the  presence  of  corrosive  sub- 
limate by  a  brick-dust  coloured  sediment.  If  arsenious  acid 
(common  arsenic)  be  contained  in  a  liquid,  lime-water,  when 
added,  will  occasion  a  precipitate,  consisting  of  lime  and  arse- 
nious acid,  which  is  very  difficultly  soluble  in  water.  Tliis 
precipitate,  when  mixed  up  with  oil,  and  laid  on  hot  coals, 
yields  the  well-known  garlic  smell  of  arsenic 
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IX.-^Pure  Baryta^  and  Us  Solution  in  Water. 

1.  A  solution  of  pure  baryta  is  even  more  effectual  than 
lime*water  in  detecling  the  presence  of  carbonic  acid,  and  is 
much  more  portable  and  convenient;  since,  from  the  crystals 
of  this  earth,  the  barytic  solution  may  at  any  time  be  immedi- 
ately prepared.  In  discovering  carbonic  acid,  the  solution  of 
baryta  is  used  similarly  to  lime*water,  and,  if  this  acid  be 
pi*C8ent,  gives,  in  like  manner,  a  precipitate  soluble  with  effer- 
vescence in  dilute  muriatic  acid.  If  the  precipitate  be  dried, 
and  exposed  for  a  very  short  time  to  a  low  red  heat,  every 
100  grains  will  indicate  22  grains  =  47i  cubic  inches,  of  car- 
bonic acid  gas. 

2.  The  barytic  solution  is  also  a  most  sensible  test  of  sul- 
phuric acid  and  its  combinations,  which  it  indicates  by  a  pre- 
cipitate not  soluble  in  muriatic  acid. — Pure  strontia  has  simi- 
lar effects  as  a  test  The  quantity  of  the  precipitated  sub- 
stance, indicated  by  the  weight  of  the  precipitate,  will  be 
stated  in  No.  XV. 

X. — Metals. 

1.  Of  the  metals,  silver  and  nunrcury  are  tests  of  the  pre- 
sence of  hydro-sulphurets,  and  of  sulphureted  hydrogen  gas. 
If  a  little  quicksilver  be  put  into  a  bottle  containing  water  im- 
pregnated with  either  of  these  substances,  its  surface  soon  ac- 
quires a  black  film,  and,  on  shaking  the  bottle,  a  blackish 
powder  separates  from  it.  Silver  is  speedily  tarnished  by  the 
same  cause. 

2.  A  beautiful  application  otgold  leaf  as  a  test  of  the  pre- 
sence of  small  quantities  of  salts  containing  nitric  acid,  has 
been  contrived  by  Dr.  WoUaston.  Let  the  water,  suspected  to 
contain  any  nitrate,  be  concentrated  by  evaporation ;  then  add 
a  little  sulphuric  acid  to  the  heated  water,  with  a  small  quan- 
tity of  muriate  of  soda,  unless  the  water  already  contain  some 
muriate,  when  the  last  mentioned  addition  is  unnecessary. 
Immerse  a  little  gold  leaf  in  the  mixture,  and  boil  it.  If  any 
nitrate  be  present,  the  gold  leaf  will  be  immediately  dissolved, 
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and  a  smell  of  nqua  rcgin  will  gciicrnlly  be  perceived.     (Dr. 
Marcct  on  Sea  Water,  Phil,  Trans.  1822,  p.  452.) 

3.  The  metals  may  be  used  also  as  tests  of  encli  otlier,  on_ 
tlie  prineiple  of  elective  nifiiiity.  Tims,  for  example,  a  po-- 
lislied  iron  plare,  immersed  in  asolntiunof  suIph.ileofcoppiT^. 
soon  ac({iiires  a  coatiii;^  of  the  latter  metal;  tiiul  llie  wmie  i^ 
other  similar  examples.  — 

X\.—Su!pJ,nle,-fIion. 

Tliis  is  the  only  one  of  the  sulphates,  except  that  of  silmy 
applicable  to  ihe  ptirposes  of  a  test.  When  used  with  tUr 
view  It  is  {jeiicrally  employed  for  nsccrtninin^  the  prvtcncerf 
uxyf^en  giia,  of  which  n  unlural  water  may  contain  a  aniH 
(juantity. 

A  water,  suspected  U\  contain  tliis  gns,  may  be  mixed  wi4 
a  little  recently-dissolved  sulphatu  of  iron,  and  ke)}t  coiW' 
up,  in  n  phial  completely  HIImI  by  the  mixture.  If  permit 
ufirnn  be  iirecipitnted  in  the  course  of  n  kvi  dnye,  the  vaUf 
may  bo  interred  to  contain  oxygen  gas. 

XU.—Siilp/iaU;  Karate,  and  Acetate  of  Silver. 

These  solutions  arc  all  hi  some  measure  applicable  (o  srmi' 
lar  purposes. 

].  They  are  peculiarly  adapted  to  the  discovery  of  chlorine 
and  muriatic  acid,  and  of  chlorides  and  mnriatcs.  The  sii«f| 
quitting  its  solvent,  combines  with  the  chlorine ;  and  the  oxj- 
gen,  abandoned  by  the  silver,  unites  with  the  hydrogen  of  4e 
muriatic  acid.  A  flaky  precipitate  of  chloride  of  silver  felb 
down,  which,  at  first,  is  white,  but  on  exposure  lo  thesim'i 
light,  acquires  a  bluish,  and  finally  a  black  colour.  Thii 
precipitate,  dried  and  fused  by  a  genilc  lieat,  Dr.  Black  stito 
to  contain,  in  1000  parts,  ns  much  muriiitic  acid  nt  wmM 
form  42.1  J  of  crystallized  common  salt,  which  estimate  icnttdf 
differs  at  all  from  ihat  of  Klaproth.  The  same  quantilj  of 
chloride  of  silver  (1000  parts)  indicates,  according  lo  Kirwai, 
4S4i  of  muriate  of  potassa  {chloride  of  potassium).  I>.  M^^ 
cet's  experiments  and  my  own  indicate  n  larger  jtrwluclrf 
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chkiridk  of  silver  from  the  decoroposition  of  dry  chloride  pf 
•odiom,  vhiu  not  lest  than  240  grmins  from  100  oS  common 
Mit*  Henoe  100  grains  of  fused  chloride  of  silver  denote 
41.6  of  chloride  of  sodiamy  and  a  quantity  of  chlorine  capable 
of  forming  with  hydrogen  about  S5  grains  of  muriatic  acid. 
A  precipitation,  however,  may  arise  from  other  causes^  which 
it  may  be  proper  to  state. 

a.  The  solutions  of  silver  in  acids  are  precipitated  by  car- 
bonated alkalis  and  earths.  The  agen^  of  the  alkalis  and 
earths  may,  however,  be  prevented,  by  previously  saturating 
them  with  a  few  drops  of  the  same  acid  in  which  the  oxide  of 
silver  is  dissolved. 

3.  The  nitrate  and  acetate  of  silver  are  decomposed  by  the 
sulphuric  and  sulphurous  acids ;  but  this  may  be  prevented  by 
adding,  previously,  a  few  drops  of  nitrate  or  acetate  of  baryta, 
and,  after  allowing  the  precipitate  to  subside,  the  clear  liquor 
may  be  decanted,  and  the  solution  of  silver  added.  Should  a 
precipitation  now  take  place,  the  presence  of  muriatic  acid,  or 
some  one  of  its  combinations,  may  be  inferred.  To  remove 
uncertainty,  whether  a  precipitation  be  owing  to  sulphuric  or 
muriatic  acid,  a  solution  of  sulphate  of  silver  may  be  employed 
in  the  first  instance,  which,  when  no  uncombtned  alkali  or 
earth  is  present,  denotes  with  certainty  the  presence  of  the 
muriatic  acid.  According  to  Professor  PfafF,  one  part  of  mu- 
riatic acid  of  the  specific  gmvity,  1.15,  diluted  with  70,000 
parts  of  water,  barely  exhibits  a  slight  opaline  tinge,  when 
tested  with  nitrate  of  silver ;  and,  when  diluted  with  80,000 
parts  of  water,  it  is  not  aiiected  at  all.*  Mr.  Meyer  of  StetUa 
assigns,  however,  a  much  more  extensive  power  to  nitrate  of 
silver,  as  a  test  of  muriatic  acid.f 

4.^  When  solutions  of  silver  are  added  tocompoundsof  chlorine 
with  oxides,  for  example  to  chloride  of  lime  (oxide  of  calcium), 
no  escape  of  oxygen  gas  takes  place,  although  the  silver  can«- 
not  unite  with  chlorine  without  abandoning  its  oxygen.  This 
oxygen,  detached  from  the  silver,  must  necessarily  unite  with 
the  chlorine,  and  form  chloric  acid,  which  constitutes  with 
Sliver  a  soluble  compound.  It  is  necessary,  then,  after  adding 
nitrate  of  silver  to  solution  of  chloride  of  lime  till  no  farther 


^  Nielioltoii*t  Jottmal,  am.  861.  f  TlxNBSoq*t  Anaalt,  ▼.  €6. 
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precipitate  ensues^  to  decant  the  dear  liquid}  to  ^frspofste  it 
to  drjnesfl,  and  heat  the  residue.  Oxygen  gas  will  be  dis- 
engaged, and  to  the  residuum  water  acidulated  with  nitric 
acid  may  be  added,  which  will  leave  the  chloride  of  silfcr. 
This  process  is  always  necessary  when  the  base  of  any  chloride^ 
which  we  wish  to  decompose  by  nitrate  of  silver,  is  a  metalfic 
oxide.     (Ann.  de  Chim.  et  Phys.  xL  108.) 

5.  The  solutions  of  silver  are  precipitated  by  sulphureted 
hydrogen,  and  by  hydro-sulphurets ;  but  the  precipitate  is 
then  reddish,  or  brown  or  black ;  or  it  may  be,  at  first,  whiter 
and  afterwards  become  speedily  brown  or  black.  It  is  scdubl^ 
in  great  part,  in  dilute  nitric  acid,  which  is  not  the  case  if  oc- 
casioned by  muriatic  or  sulphuric  acid. 

6.  The  solutions  of  silver  are  precipitated  by  vegetable  ex- 
tractive matter ;  but,  in  this  case^  also^  the  precipitate  has  a 
dark  colour,  and  is  soluble  in  nitrous  acid. 

XIII. — Nilrate  and  Acetate  of  Lead. 

1.  Acetate  of  lead,  the  most  eligible  of  these  two  tests,  is 
precipitated  by  sulphuric  and  muriatic  acids ;  but,  as  we  have 
much  better  indicators  of  both  these  adds,  I  do  not  enlarge 
on  its  application  to  this  purpose. 

2.  The  acetate  of  lead  is  also  a  test  of  sulphureted  hydrogen 
and  of  hydro-sulphurcts  of  alkalis,  which  occasion  a  black 
precipitate;  and,  if  white  paper,  on  which  characters  are 
traced  with  a  solution  of  acetate  of  lead,  be  hdd  over  a 
portion  of  water  containing  sulphureted  hydrogen  gas,  they 
are  soon  rendered  visible ;  especially  when  the  water  is  a  little 
warmed. 

3.  The  acetate  of  lead  is  employed  in  the  discovery  <^  un- 
combined  boracic  acid,  a  very  rare  ingredient  of  waters.  To 
ascertain  whether  this  be  present,  some  cautions  are  necessary. 
(a)  The  uncombiued  alkalis  and  earths  (if  any  be  suspected) 
must  be  saturated  with  acetic  or  acetous  acid,  {b)  The  sul- 
phates must  be  decomposed  by  acetate  or  nitrate  of  baryta 
and  the  muriates  by  acetate  or  nitrate  of  silver.  The  filtered 
liquor,  if  boracic  ncid  be  contained  in  it,  will  continue  to  give 
a  precipitate,  which  is  soluble  in  nitric  acid  of  the  specific 
gravity  1.3. 

i.  AcQ^te  of  lead  is  said,  also,  by  Piaff,  to  be  a  very  ddicate 
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test  of  carbonic  acid;  and  that  it  renders  milky  water,  which 
contains  the  smallest  possible  quantity  of  this  acid.  In  this 
'Case,  the  precipitate,  which  is  produced,  must  necessarily  be 
re-dissolved  with  effervescence,  on  adding  a  few  drops  of  acetic 
or  diluted  nitric  acid. 

XIV.-— JVt/ra/e  of  Mercury  prepared  with  and  wUliout  Heat. 

This  solution,  differently  prepared,  is  sometimes  employed 
as  a  test. 

1.  The  solution  of  nitrate  of  mercury,  prepared  without 
heat,*  has  been  found  by  Pfaff  to  be  a  much  more  sensible  test 
of  muriatic  acid  than  nitrate  of  silver.  Its  sensibility,  indeed, 
is  so  great,  that  one  part  of  muriatic  acid,  of  the  specific  gravity 
1.50,  diluted  with  300,000  parts  of  water,  is  indicated  by  a 
slightly  dull  tint  ensuing  on  the  addition  of  the  test. 

2.  It  is,  at  the  same  time,  the  most  sensible  test  of  ammonia, 
one  part  of  which,  with  30,000  parts  of  water,  is  indicated  by 
a  slight  blackish  yellow  tint,  on  adding  the  nitrate  of  mer- 
cury.f 

3.  The  nitrate  of  mercury  is  also  precipitated  by  highly 
diluted  phosphoric  acid ;  but  the  precipitate  is  soluble  in  an 
excess  of  phosphoric  or  nitric  acid,  which  is  not  the  case  if  it 
has  been  occasioned  by  muriatic  acid. 

XV. — Muriate,  Nitrate,  and  Acetate  of  Baryta. 

1 .  These  solutions  are  all  most  delicate  tests  of  sulphuric 
acid  and  of  its  combinations,  with  which  they  give  a  white 
precipitate,  insoluble  in  diluted  muriatic  acid.  They  arc  de- 
composed, however,  by  alkaline  carbonates;  but  the  precipi- 
tate thus  occasioned  is  soluble  in  diluted  muriatic  or  nitric 
acid,  with  effervescence,  and  may  even  be  prevented  by  adding, 
previously,  a  few  drops  of  the  same  acid  as  that  contained  in 
the  baryttc  salt,  which  is  employed. 

One  hundred  grains  of  dry  sulphate  of  baryta  contain 
(according  to  Klaproth,  vol.  i.  page  168)  about  45  j^  of  sul- 
phuric acid  of  the  specific  gravity  1.850;  according  to  Clay- 
field  (Nicholson's  Journal,  4to.  iii.  38),  33  of  acid,  of  the  spe- 

*  S«t  chap.  xi.  feet.  33.  f  SnusBiire,  ThomiOD't  Anasbi  n,  430» 
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Gific  gravity  2.240;  the  true  quantity  however  i»  probobly  34 
of  real  acid.  Kirwan  states,  that  170  grains  of  ignited  sulphate 
of  baryta  tlenote  100  ordricil  sulphate  of  soda ;  that  186.96  of 
the  same  substance  indicate  100  of  dry  sulphate  of  potassa; 
and  that  100  parts  result  from  the  precipitation  of  52.11  of  diy 
sulphate  of  magnesia. 

From  Klaproth's  experiments,  it  appears,  that  1000  graiBs 
of  sulphate  of  baryta  indicate  595  of  desiccated  sulphate  of 
soda,  or  1416  of  the  crystallized  salt.  The  same  chemist  has 
shown,  that  100  grains  of  sulphate  of  barj'ta  are  produced  by 
the  precipitation  of  71  grains  of  sulphate  of  lime,  of  ordinary 
dryness.  The  results  of  my  own  experiments  are  stated  in 
vol.  i.  page  570.  From  these  it  follows,  that  100  grains  of  ig« 
nitcd  sulphate  of  baryta  denote  57  of  calcined  sulphate  of 
lime;  or  73  of  the  same  sulphate,  dried  by  a  teropcarature  of 
only  160°  Fahrenheit.  Desiccated  sulphate  of  magnesia, 
when  decomposed  by  muriate  of  baryta,  affords  twice  its 
weight  of  the  barytic  sulphate. 

It  has  been  remarked  by  Berzelius,  that  when  sulphuric 
acid  is  precipitated  from  some  of  the  weaker  bases  by  a  barytic 
salt,  the  precipitated  sulphate  of  baryta  is  combined  with  n 
portion  of  those  bases.  Thus  when  sulphate  of  iron  or  copper 
is  decomposed  by  muriate  of  baryta,  the  sulphate  of  barytii 
when  dried  and  calcined,  assumes  a  reddish  colour  in  the 
first  case,  or  a  yellowish  green  in  the  second.  In  order,  there- 
fore, to  determine  with  precision  the  quantity  of  sulphuric 
acid,  it  is  necessary  to  remove  the  excess  of  oxide  by  some  acid 
in  which  it  is  soluble.     (Ann.  de  Chim.  et  Phys.  xiv.  376.) 

2.  By  the  cautious  addition  of  acetate  of  baryta,  as  long  as 
it  occasions  any  precipitate,  all  the  sulphates  existing  in  any 
solution  are  decomposed,  and  their  bases  are  obtained  united 
with  acetic  acid.  By  evaporating  the  liquid  to  dryness,  and 
calcining  the  residuum,  the  acetic  acid  is  destroyed,  and  the 
bases  of  these  salts  may  be  obtained  separate,  or  combined 
only  with  carbonic  acid,  and  in  this  state  may  be  recognised 
by  properties  which  are  more  characteristic  than  those  be- 
longing to  them  in  a  state  of  more  energetic  combination. 
In  this  way  the  alkaline  bases  may  be  obtained  separately 
from  the  earthy  ones;  for  the  mere  addition  of  water  to  the 
incinerated  mass  takes  up  the  former,  and  leaves  the  latter. 
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8.  Photphoric  salts  occasion  a  precipitate  also,  with  barytic 
iolotions,  which  is  soluble  in  dilute  muriatic  and  nitric  acids 
vitbont  eflenresoenee. 

XYL*-*Tr^tle  Prmsiale^  or  Ftrrf^Cybnate  ofPoiassa  and 

qflAme. 

Of  these  two,  the  prussiate  of  potassa  is  the  most  eligible. 
When  pure,  it  does  not  speedily  assume  a  blue  colour  on  the 
addition  of  an  acid,  nor  does  it  immediately  precipitate  muriate 
of  baryta.  Ferro*cyanate  of  ammonia  is  preferred  by  some 
chemists,  (See  Quart.  Journ.  ix.  408.)  but  I  believe  it  has  no 
real  advantage  over  that  of  potassa. 

Prussiate  of  potassa  is  a  very  sensible  test  of  iron,  with  the 
solutions  of  which  in  acids  it  produces  a  prussian  blue  preci- 
pitate, in  consequence  of  a  double  elective  affinity.  To  render 
its  efiect  more  certain,  however,  it  may  be  proper  to  add, 
previously,  to  any  water  suspected  to  contain  iron,  a  little 
muriatic  acid,  with  a  view  to  the  saturation  of  the  uncombined 
alkalis  or  earths,  which^  if  present,  prevent  the  detection  of 
very  minute  quantities  of  that  metal  by  the  prussian  test. 

1.  If  a  water,  after  boiling  and  filtration,  does  not  afford  a 
blue  precipitate,  on  the  addition  of  prussiate  of  |K)tassa,  the 
solvent  of  the  iron  may  be  inferred  to  be  a  volatile  one,  and 
probably  the  carbonic  acid. 

2.  Should  the  precipitation  ensue  in  the  boiled  water,  the 
solvent  is  a  fixed  acid,  the  nature  of  which  must  be  ascertained 
by  other  tests. 

Doubts  had  been  thrown,  by  several  chemical  writers,  on 
the  fitness  of  the  ferro-cyanate  of  potassa  for  determining  the 
quantity  of  iron  in  solutions  of  that  metal.  But  Mr.  Porrett^ 
in  his  able  inquiry  into  the  nature  of  the  triple  prussiates, 
has  shown  that,  with  certain  precautions,  the  ferro-cyanate  of 
potassa  is  fully  adequate  to  this  purpose.*  It  is  necessary  to 
observe, 

Ist  That  if  the  ferro-cyanate  itself,  after  being  dissolved  in 
water,  gives,  immediately,  a  blue  precipitate  by  the  addition 


«  Phil.  Trans.  1814,  p.  538. 
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of  muriatic  acid,  it  is  not  pure,  and  will  afibrd  a  &nadoiis 

result. 

2dly.  That  if  the  salt,  however  pure,  be  added  m  excesj, 
to  a  solution  of  iron  containing  an  excess  of  acid,  and  then 
heated,  the  prussian  blue  thrown  down  will  weigli  more  than 
it  ought ;  because  some  is  furnished  by  the  decomixwition  of 
the  ferro-cyanic  acid,  contained  in  that  part  of  the  salt,  which 
has  been  added  in  excess. 

Sdly.  That  prussian  blue,  even  after  it  has  been  formed,  is 
materially  acted  upon  by  a  mixture  of  nitric  and  muriatic 
acids,  and,  in  some  degree,  by  the  muriatic  acid  alone  at  a 
boiling  heat. 

4>thly.  That  prussian  blue,  when  precipitated,  often  carries 
with  it  sulphate  of  potassa,  derived  from  tbe  liquid  from  which 
it  is  thrown  down ;  and  that  this  sulphate  adheres  to  it  so  ob- 
stinately, that  several  washings  with  water,  acidulated  with 
sulphuric  acid,  are  necessary  to  detach  it. 

5thly.  That  if  Jthe  solution,  to  which  the  test  is  applied, 
contain  not  only  iron,  but  alumina,  oxide  of  copper,  or  any 
other  substance,  which  the  test  is  known  to  precipitate,  ihat 
substance  should  be  removed^  by  the  usual  means,  previously 
to  the  application  of  the  test. 

Suppose  then,  for  example,  that  we  have  baryta,  alumina, 
magnesia,  and  oxides  of  iron  and  copper,  in  a  state  of  solution 
by  nitro-muriatic  acid.  The  solution,  if  not  already  neutral, 
should  first  be  rendered  so  by  the  cautious  addition  of  ammonia. 
The  barytic  salt  may  next  be  decomposed  by  a  solution  of 
sulphate  of  soda,  poured  in  till  it  ceases  to  occasion  a  precipi- 
tate. Anmionia,  added  to  the  residuary  liquor,  throws  down 
the  other  earths  and  oxides,  and  an  excess  of  it  will  re-dissolve 
the  oxide  of  copper.  From  the  insoluble  part,  consisting  of 
alumina,  magnesia,  and  oxide  of  iron,  solution  of  pure  potassa 
will  remove  the  alumina.  The  oxide  of  iron  and  the  magnesia 
may  then  be  re-dissolved  in  any  suitable  acid  ;  and  into  the 
solution,  neutralized,  or  nearly  so,  by  ammonia,  if  necessary, 
the  ferro-cyanate  may  be  poured,  till  it  ceases  to  produce 
any  effect,  taking  care  to  add  as  little  excess  as  possible. 
The  precipitate  washed,  dried  at  a  steam  heat,  and  weighed, 
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will  indicate  in  every  100  grains,  34.235  grains  of  peroxide  of 
iron. 

Besides  iron,  the  prussiated  alkalis  also  precipitate  muriate 
<^  alumina*  No  conclusion,  therefore,  can  be  deduced^ 
respecting  the  non-existence  of  muriate  of  alumina  from  any 
process,  in  which  the  prussic  test  has  previously  been  used. 
It  will,  therefore,  be  proper,  if  a  salt  of  alumina  be  indicated  by 
other  tests,  to  examine  the  precipitate  effected  by  ferro-cyanate 
of  poCassa.  This  may  be  done  by  repeatedly  boiling  it  to 
dryness  with  muriatic  acid,  which  takes  up  the  alumina,  and 
leaves  the  prussiate  of  iron.  From  the  muriatic  solution,  the 
alumina  may  be  precipitated  by  a  solution  of  carbonate  of 
potassa. 

According  to  Klaproth  (ii.  SS)^  solutions  of  yttria  (which 
earth,  however,  is  not  likely  to  be  present  in  any  mineral 
water)  afford,  with  the  prussian  test,  a  white  precipitate, 
passing  to  pearl-grey,  which  consists  of  prussiate  of  yttria. 
Thb  precipitate  disappears  on  adding  an  acid,  and  hence 
may  be  separated  from  prussiated  iron.  The  same  accurate 
chembt  states,  that  the  prussian  test  has  no  action  on  salts 
with  base  of  glucina  (ii.  55);  but  tliat  it  precipitates  zirconia 
from  its  solutions  (ii.  214). 

The  prussiated  alkalis  decompose,  also,  all  metallic  solu« 
tions  excepting  those  of  gold,  platinum,  iridium,  rhodium, 
osmium,  and  antimony. 

XVI  f. — Sucdnale  of  Soda  and  of  Ammonia. 

1.  The  succinate  of  soda  was  first  recommended  by  Gehlen, 
and  afterwards  employed  by  Klaproth  (Contributions,  ii.  48)« 
for  the  discovery  and  separation  of  iron.  The  salt  with  base 
of  ammonia  has  also  been  used  for  a  similar  purpose  by  Dr. 
Marcet,  late  physician  to  Guy's  Hospital,  in  a  skilful  analysis 
of  the  Brighton  chalybeate,  which  is  published  in  the  new 
edition  of  Dr.  Saunders's  Treatise  on  Mineral  Waters. 

The  succinic  test  is  prepared  by  slightly  super-saturating 
carbonate  of  soda  or  ammonia  with  succinic  acid.  In  apply- 
ing the  test,  it  is  necessary  not  to  use  more  than  is  sufficient 
for  the  purpose ;  because  an  excess  of  it  re-dissolves  the  pre- 
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cipiUte.  Tlic  best  mode  of  proeeeding  is  to  heat  the  ■olutioa 
containing  iron,  and  to  add  gradually  the  solution  of  the  toe* 
cinate,  until  it  ceases  to  produce  any  turbidness.  A  brownish 
precipitate  is  obtained)  consisting  of  succinate  of  iron.  This, 
when  calcined  with  a  little  wax«  in  a  low  red  heat,  gi^res  an 
oxide  of  iron,  containing  about  70  per  ceni.  of  the  meCaL 
From  Dr.  Marcet's  experiments,  it  appears  that  100  grains  of 
iron,  dissolved  in  sulphuric  acid,  then  precipttated  by  the 
succinate  test,  and  afterwards  bamed  wiih  wax,  gire  148  of 
oxide  of  iron ;  that  is,  100  grains  of  the  oxide  indicate  about 
67-1  of  metallic  iron. 

2.  The  succinates,  however,  it  is  stated  by  Dr.  Marcet  and 
Mr.  Ekeberg,  precipitate  alumina,  provided  there  be  no  con- 
siderable excess  of  acid  in  the  aluminous  salt.  On  magnesia 
it  has  no  action,  and  hence  may  be  successfully  emfrioyed  in 
the  separation  of  those  two  earths.  If  100  parts  of  otctohcdral 
crystals  of  alum  be  entirely  decomposed  by  succinate  of  am- 
monia,  they  give  precisely  12  parts  of  alumina  calcined  in  a 
dull  red  heat.  The  succinate  of  ammonia,  it  is  stated  fay  Mr. 
Ekeberg,*  precipitates  glucina ;  and  tlie  same  test,  according 
to  Klaproth  (ii.  214),  throws  down  zirconia  from  its  adotions. 

To  separate  all  the  iron  and  alumina  from  any  water,  long 
boiling  is  necessary  witli  free  access  of  air,  in  order  that  the 
iron  may  be  completely  oxidized ;  iur  the  succinates  have  no 
action  on  salts  witli  base  of  the  protoxide  of  iron. 

XVIIL— jBm^sotc  jicidf  and  Bemcoaie  of  Ammomia. 

Benzoic  acid,  or,  still  belter,  benzoate  of  ammoniap  prsci- 
pitatcB  iron  readily  and  entirely ;  and  being  much  cheaper, 
and  more  readily  obtained,  tlian  succinate  of  ammonias  omiJ 
be  substituted  for  tlie  latter  salt.  It  has,  also,  one  advantage^ 
that  it  does  not  decompose  the  salts  of  manganese.f 

XlX.—Phoipbate  ^  Soda. 
A  method  of  completely  precipitating  magnesia  from  its 
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wIutUMM  hat  been  mggetted  by  Dr.  WoUaston.  It  it  founded 
on  the  property  which  fully  neutralized  carbonate  of  ammonia 
pofisencs ;  first  to  cause  the  solution  of  the  carbonate  of  mag- 
nesia, fiMmed  when  the^ammoniacal  carbonate  is  added  to  the 
lolution  of  a  magnesian  salt,  and  afterwards  to  yield  that  earth 
to  phosphoric  acid,  with  which  and  ammonia  it  forms  a  triple 
■dt.  For  this  purpose,  a  solution  of  carbonate  of  ammonia, 
prepared  with  a  portion  of  that  salt  which  has  been  exposed, 
q[ire«d  on  a  popery  for  a  few  hours  to  the  air,  is  to  be  added 
to  the  solution  of  the  magnesian  salt  sufliciently  concentrated ; 
or  to  a  water  suspected  to  contain  magnesia,  after  being  very 
much  reduced  by  evaporation.  No  precipitate  will  appear, 
till  a  solution  of  phosphate  of  soda  is  added,  when  an  abun- 
dant one  will  fall  down. 

A  neat  and  efiectual  way  of  applying  this  test  is  practised 

by  its  inventor,  as  follows :  Spread  upon  a  piece  of  glass  the 

dear  solution  supposed  to  contain  magnesia,  then  add  a  few 

drops  of  the  solutions  of  carbonate  of  ammonia  and  phosphate 

of  soda  in  succession ;  and  trace  the  word  magnesia^  or  any 

odier,  upon  the  glass  so  covered,  with  the  end  of  a  glass  rod. 

If  magnesia  be  present  the  word  which  is  traced  will  appear 

in  white  characters;  if  not,  no  such  appearance  will  result. 

(Quart.  Journ.  xiv.  229.) 

When  the  quaniily  of  magnesia  is  to  be  ascertained,  let  tlie 

precipitate  be  washed,  collected  on  a  filter,  and  dried  in  a 

temperature  not  exceeding  100^  Fahrenheit.     One  hundred 

grains  of  it  will  indicate  19  of  pure  magnesia;  44*  carbonate  ; 

sbout  66  of  muriate  of  magnesia ;  and   62  of  desiccated,  or 

^ble  that  quantity  of  crystalliled,  sulphate  of  magnesia.    If, 

instead  of  drying  the  precipitate  at  a  gentle  heat,  which  leaves 

^  uncertain  quantity  of  water  in   it,  we  calcine  it,  we  may 

^^  reckon  the  calciued  phosphate  of  magnesia  to  indicate 

^  every  hundred  grains,  40  grains  of  magnesia,  or  to  be  equi* 

^^dent  to  850  grains  of  the  crystallized  sulphate  of  that  earth. 

Mr.  Richard  Phillips  has  suggested  (Ann.  of  Phil.  N.S.  u 

^0%)  that  sooie  fallacy  in  tlie  use  of  tliis  test  may  be  occasioned 

yy  the  carbonate  of  lime,  which  all  sesqui-carbonatc  of  ammo* 

^Ui  contains.    Hence  the  addition  of  phosphate  of  soda  may 
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throw  down  phosphate  of  lime  as  well  as  the  ammoniaco-nu^ 
nesian  phosphate. 

XX. — Muriate  of  Lime. — Muriate  of  Platinum. 

1.  Muriate  of  lime  is  principally  of  use  in  discovering  the 
presence  of  alkaline  carbonates,  which,  though  they  very 
rarely  occur,  have  sometimes  been  found  in  mineral  waters. 
Carbonate  ofpotassa  exists  in  the  waters  of  Aix-1a*Chapelle; 
that  of  soda,  in  the  water  of  a  few  springs  and  lakes ;  and  the 
ammoniacal  carbonate  was  detected  by  Mr.  Cavendish  in  the 
waters  of  Rathbone-place.  Uf  all  the  three  carbonates, 
muriate  of  lime  is  a  sufficient  indicator  ;  for  those  salts  sepa- 
rate from  it  a  carltonate  of  lime,  soluble  with  effervescence  in 
muriatic  acid.  If  the  solution  be  filtered  and  evaporated,  and 
the  drv  residuum  be  heated,  muriate  of  ammonia  will  be 
known  by  its  volatility.  Tlie  resulting  salts  with  base  of  po* 
tassa  and  so<Ia  will,  under  the  same  circumstances,  rcmun 
fixed. 

2.  With  respect  to  the  discrimination  of  the  different  alkalis, 
potassa  and  its  compounds  may  be  detected  by  the  nitro- 
muriate  of  platinum,  which  distinctly  and  immediately  preci- 
pitates potassa,  and  is  not  affected  by  soda.  Carbonate  of  am- 
monia may  be  discovered  by  its  smell ;  and  by  its  precipi- 
tating a  neutral  salt  of  alumina,  while  it  lias  no  action  apiia- 
rently  on  cold  solutions  of  magnesian  salts. 

XXI. — Solution  of  Soap  in  Alcohol. 

This  solution  may  be  employed  to  ascertain  the  compara* 
tive  hardness  of  waters.  With  distilled  water  it  may  be 
mixed,  without  any  change  ensuing ;  but,  if  added  to  a  hard 
water,  it  produces  a  milkiness,  and  even  a  curdy  appearance^ 
more  considerable  as  tlie  water  is  less  pure.  From  the  degree 
of  tlib  change,  an  experienced  eye  will  derive  a  tolerable  indi- 
cation of  the  quality  of  the  water.  This  effect  is  owing  to  the 
alkali  quitting  the  oil,  whenever  there  is  present  in  a  water  any 
substance,  for  which  the  alkali  has  a  stronger  affinity  than  it 
has  for  oil.    Thus  all  uncombined  acids,  and  all  salts  with 
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earthy  and  metallic  bases,  decompose  soap,  and  occasion  that 
property  in  waters  which  is  termed  hardness.  At  the  same 
time  an  insoluble  soap  is  formed  by  the  union  of  the  oil  with 
the  earthy  base. 

XXIL— Alcohol. 

Alcohol,  when  mixed  with  any  water,  in  the  proportion  of 
about  an  equal  bulk,  precipitates  all  the  salts  which  it  is  inca- 
pable of  dissolving.     (See  Kirwan  on  Waters,  page  263.) 

XXIII. — Hydro- Stdphuret  of  Ammonia. 

This  and  other  hydro-sulphurets,  as  well  as  water  saturated 
with  sulphureted  hydrogen,  may  be  employed  in  detecting  lead 
and  arsenic  ;  with  the  former  of  which  they  give  a  black,  and 
with  the  latter  a  yellowis»h  precipitate.  As  lead  and  arsenic, 
however,  are  never  found  in  natural  waters,  I  shall  reserve, 
for  another  occasion,  what  I  have  to  say  of  the  application  of 
these  tests. 

TABLE, 

S/tou/bfg  the  Substances  that  may  he  expected  in  Mineral  IVatets^ 

and  the  Means  of  detecting  them.* 

Acids  in  general.    Infusion  of  litmus.     Syrup  of  violets,  I. 

Acidf  boracic.     Acetate  of  lead,  XIII.  S. 

Acidy  carbonic.  Infusion  of  litmus,  I.  1,  2.  Lime-water, 
VIII.  1.     Barytic  water,  IX.  1.     Acetate  of  lead,  XIII.  4. 

Acidy  muriatic.  Nitrate  and  acetate  of  silver,  XII.  Nitrate 
of  mercury,  XIV. 

Acidj  nitric.     Sulphuric  acid,  IV,  4. 

Acidy  phosphoric.  Solutions  of  baryta,  XV.  2.  Nitrate  of 
mercury,  XIV.  3. 

Acid,  sulphurous.  By  its  smell,— and  destroying  the  colour 
of  litmus,  and  of  infusion  of  red  roses;— by  the  cessation  of 


•  A  Table  of  siibetances  actually  foand  in  the  principal  mineral  waters 
will  be  inserted  in  the  Appendix. 

VOL.   II.  ^   !• 
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the  smell  a  few  hours  after  the  addition  of  the  black  oxide  of 
mangatiese. 

Acid,  sulphuric.  Solution  of  pure  baryta^  IX.  Barytio 
salts,  XV.     Acetate  of  lead,  XII. 

Alkalis  in  general.     Vegetable  colours,  II.      Muriate  of 

lime,  XX. 

Alumina  dissolved  by  acids.     Succinates,  XVIL 

Ammonia^  by  its  smell,  and  tests,  II.  Nitrate  of  mercury, 
XIV.  2. 

Baryta  and  lis  compounds^  by  sulphuric  acid,  IV. 

Carbonates  in  general.  Effervesce  on  adding  acids,  without 
any  unpleasant  smell. 

Eartlis  dissolved  by  carbonic  acid.  By  a  precipitation  on 
boiling ; — by  pure  alkalis,  VII.     Solution  of  soap,  XXJ. 

Hydro-sulphurel  of  lime.  Sulphuric  acid,  IV.  Nitrous 
acid,  V. 

Iron  dissolved  by  carbonic  acid.  Tincture  of  galls.  III.  1. 
Prussiate  of  potassa,  XVI.  ).  Succinate  of  ammonia,  XVII. 
Benzoate  of  ammonia,  XVIII. 

Iron  dissolved  by  sulphuric  acid.  Same  tests.  III.  3.  XVL  2, 
XVII. 

Lime  in  a  pure  stale.  Water  saturated  with  carbonic  acid. 
Blowing  air  from  the  lungs.     Oxalic  acid,  VI. 

Lime  dissolved  by  carbonic  acid.  Precipitation  on  boiling. 
Caustic  alkalis,  VII.     Oxalic  acid,  VL 

Lime  dissolved  by  sulphuric  add.  Oxalate  of  ammonia,  VI. 
Barytic  solutions,  IX.  and  XV. 

Magnesia  dissolved  by  carbonic  acid.  Precipitation  oil  boil- 
ing,— the  precipitate  soluble  in  dilute  sulphuric  acid. 

Magnesia  dissolved  by  other  acids.  Precipitated  by  pure 
ammonia,  not  by  the  car'bonate,  VII.  5.  Phosphate  of  SMDda, 
XIX.     Lime  water,  VIII.  3. 

Muriates  of  alkalis.     Solutions  of  silver,  XII. 

-^ of  lime.     Solutions  of  silver,  XII.     Oxalic  acid 

and  oxalate  of  ammonia,  VI. 

Nitrate  of  potassa,  and  other  nitrates.     Gold  leafj  X.  2. 

Oxygen  gas.     Sulphate  of  iron,  XI. 

Potassa^  and  its  salts.    Muriate  of  platinum,  XX.  2, 
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Silica.  A  precipitate  by  muriate  of  ammonia  not  soluble  in 
dilute  nitric  acid, 

Sodoj  carbonate  of.  '  Muriate  of  lime,  XX.  1. 

Sulphates  in  general  Barytic  solutions,  IX.  and  XV, 
Acetate  of  lead,  XIII. 

Sulphate  of  alumina.  Barytic  solutions,  IX.  and  XV. 
A  precipitate  by  carbonate  of  ammonia  not  soluble  in  acetous 
acid,  but  soluble  in  pure  fixed  alkalis  by  boiling.  Succinates, 
XVII.  2. 

Stdpliate  of  lime.  Borytic  solutions,  IX.  and  XV.  Oxalic 
acid  and  oxalates,  VI.  A  precipitate  by  alkalis  not  soluble  in 
dilute  sulphuric  acid. 

Sulphate  of  magnesia.  Barytic  solutions,  IX.  and  XV. 
Phosphate  of  soda  and  carbonate  of  ammonia,  XIX. 

Sulphate  ofpotassa.  BarytiC  solutions,  IX.  and  XV.  Mu- 
riate of  platinum,  XX.  2. 

Sulphate  of  soda.  Barytic  salts,  IX.  and  XV.  Muriate  of 
platinum,  XX. 

Sulphurets  of  alkalis.  Polished  metals,  X.  Smell  on  adding 
sulphuric  or  muriatic  acid.     Nitrous  acid,  V. 

Sulphureted  hydrogen  gas.  By  its  smell.  Infusion  of  litmus^ 
I.     Polished  metals,  X.     Acetate  of  lead,  XIII.  2.* 

Vegetable  matter.     Sulphuric  acid,  IV. 

Abt.  2. — Analysis  of  IValers  by  Evaporation. 

Before  proceeding  to  the  evaporation  of  any  natural  water« 
its  gaseous  contents  must  be  collected.  This  may  be  done  by 
filling  with  the  water  a  large  glass  globe  or  bottle„  capable  of 
holding  about  50  cubical  inches,  and  furnished  with  a  ground 
stopper  and  bent  tube.  The  bottle  is  to  be  placed,  up  to  its 
neck,  in  a  tin  kettle  filled  with  a  saturated  solution  of  common 
•alt,  which  must  be  kept  boiling  for  an  hour  or  two,  renewing, 
by  fresh  portions  of  hot  water,  what  is  lost  by  evaporation. 
The  disengaged  gas  is  to  be  conveyed,  by  the  bent  tube^ 

■■  — - — -■■  •■  '  '  r  '  "  III." 

*  The  vapour  of  putrefying  animal  or  vegetable  matter  dissolved  in  water, 
aooordiog  to  Klaproth,  vol.  i.  p.  590|  often  gives  a  deceptive  indication  of 
salphoreted  hydrogen. 

JL  2 


into  a  graduated  jar,  filled  wiih,  and  inverted  in,  inercui7i 
where  its  bulk  is  to  be  determined.  On  the  first  impression 
of  the  heat,  however,  the  wnter  will  itself  be  expandL-d,  uml 
portions  will  continue  to  escape  into  the  graduated  jar,  till 
the  water  has  alliiined  its  maximum  of  temperature.  Tbii 
portion  mubt  be  measured,  and  its  quantity  be  deducted  froia 
that  of  the  water  submitted  to  experiment.  If  a  considerable  < 
proportion  of  gas  be  contained  in  a  mineral  water,  the  bat 
way  of  receiving  it  is  into  a  small  gnzometcr. 

In  determining,  with  precision,  the  (juaiitity  of  gas,  it  ia  ne- 
cessary to  aiiend  to  the  state  of  the  barometer  and  thermometer* 
and  toother  circumstances  already  enumerated,  vol.  i.  page 
S2.  Rules  also  for  reduciii<;  observations  niade  under  (lit 
ferent  states  of  the  barometer  and  thermometer,  to  a  meu 
standard,  will  be  found  in  vol.  i.  p.  23. 

The  gases,  most  commonly  discovered  in  mineral  waUm 
are  carlimic  acid;  siilphiirelei  hydrogen  ;  vitrogen  gas  ;  oxy^ 
gns ;  and,  in  the  neighbourhood  of  volcanoes  only,  sulj'hutaM^ 
arid  gas.  To  determine  the  proportion  of  these  luidoibct 
gases,  constituting  a  mixture  obtained  fivui  any  mineral  wtim 
full  directions  have  already  been  given  in  the  first  section  « 
this  chapter,  (page  467  and  foliowiofr.) 

The  vessels  employed  for  evaporation  should  beofsucb 
materials,  as  are  not  likely  to  be  acted  on  by  the  contenK  <S 
the  water.  I  prefer  tliose  of  unglazed  biscuit  ware,  madfhj 
Messrs.  Wedgwood ;  but,  as  their  surface  Is  not  perfedlj 
smooth,  and  tiie  dry  mass  may  adhere  so  strongly  us  not  to  be 
easiiy  scraped  off,  the  water,  when  reduced  to  about  oncti'nih 
of  its  volume,  or  less,  may  be  transferred,  with  any  d«pout  ibil 
may  have  taken  place,  into  a  amatler  vessel  of  glass.  HtK 
let  it  be  evaporated  to  dryness,  at  a  temperature  not  exceediit 
800"  Fahrenheit. 

(u)  The  <lry  mass,  when  collected  and  accurately  weif^hitli 
is  to  be  put  into  a  bottle,  and  alcohol  poured  on  it,  to  tbedqilk 
of  an  inch.  Afler  having  stood  a  few  hours,  and  been  oca* 
sionally  shaken,  pour  (he  whole  on  a  filter,  wash  It  with  » 
litdc  more  alcohol,  and  dry  and  weigh  the  remainder. 

(b)  To  the  undissolved  residue,  add  eight  times  itsveij!'" 
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of  cold  distilled  water;  shake  the  mixture  frequently;  and, 
after  some  time,  filter;  ascertaining  the  loss  of  weight. 

(c)  Boil  the  residuum,   for  a  quarter  of  an  hour,  in  some-  ' 
what  more  than  .500  times  its  weight  of  water,  and  afterwards 
filter. 

{d)  The  residue,  which  must  be  dried  and  weighed,  is  no 
longer  soluble  in  water  or  alcohol.  If  it  has  a  brown  colour, 
denoting  the  presence  of  iron,  let  it  be  moistened  with  water, 
find  ex|K>sed  to  the  sun's  rays  for  some  weeks.  Or  if  so  long 
a  process  be  inconvenient,  moisten  it  with  nitric  acid,  and  then 
dry  and  ignite  it.     This  will  peroxidize  ihe  iron. 

I.  The  solution  in  alcohol  (a)  may  contain  one  or  all  of  the 
following  salts :  Muriates  of  lime,  magnesia,  alumina,  or  ba- 
ryta; or  nitrates  of  the  same  earths.  Sometimes,  also,  the 
alcohol  may  take  up  a  sulphate  of  iron,  in  which  the 
metal  is  oxidized  to  the  maximum.  This  will  appear  from  its 
reddish  brown  colour. 

1.  In  order  to  discover  the  quality  and  quantity  of  the  in- 
gredients, evaporate  to  dryness;  weigh  the  residuum;  add 
above  half  its  weight  of  strong  sulphuric  acid ;  and  apply  a 
moderate  heat.  The  muriatic  or  nitric  acid  will  be  expelled, 
and  will  be  known  by  the  colour  of  their  fumes ;  the  former 
being  white,  and  the  latter  orange  coloured. 

2.  To  ascertain  whether  lime  or  magnesia  be  the  basis  of 
the  salts,  let  the  heat  be  continued  till  no  more  fumes  arise, 
and  let  it  then  be  raised,  to  expel  the  excess  of  sulphuric  acid. 
To  the  dry  mass,  add  twice  its  weight  of  distilled  water. 
This  will  take  up  the  sulphate  of  magnesia,  and  leave  the 
sulphate  of  lime.  The  two  sulphates  maybe  separately  de- 
composed, by  boiling  with  three  or  four  times  their  weight  of 
carbonate  of  potassa.  The  carbonates  of  lime  and  magnesia, 
thus  obtained,  may  be  separately  dissolved  in  muriatic  acid, 
and  evaporated.  The  weight  of  the  dry  salts  will  inform  us 
how  much  of  each  the  alcohol  had  taken  up.  Lime  and  mag- 
nesia may  also  be  separated  by  the  use  of  the  phosphate  of 
soda,  applied  in  the  manner  already  described,  (No.  XIX.) 
Alumina  and  magnesia  may  be  separated  from  each  other,  by 
adding  to  their  mixed  and  heated  solutions  an  excess  of  po- 
tassa which  will  dissolve  the  alumina  only. 
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The  presence  of  baryta,  which  is  very  rarely  to  be  expected, 
may  be  knowti  by  a  precipitation  ensuing  on  adding  sulphuric 
acid  to  a  portion  of  the  alcoholic  solution,  which  has  been 
diluted  with  80  or  100  times  its  bulk  of  pure  water. 

Some  of  the  sahs  obtained  by  the  action  of  alcohol,  it  is 
supposed  by  Grotthus,  are  actually  formed  by  its  operation. 
Sulphate  of  soda  and  muriate  of  magnesia,  for  example,  when 
found  in  an  alcoholic  solution,  resnit,  he  believes,  from  the 
mutual  decomposition  of  sulphate  of  magnesia  and  muriate  of 
soda.* 

II.  The  watery  solution  (b)  may  contain  a  variety  of  salts, 
.the  accurate  separation  of  which  from  each  other  is  a  problem 
of  considerable  difficulty.  The  number,  however,  of  salts, 
that  are  capable  of  existing  together  in  solution,  is  much 
limited  by  the  mutual  action  of  several  in  decomposing  each* 
other.  Such  salts  are  said  to  be  incompalible.  A  table  of 
them  is  inserted  in  the  Appendix,  which  it  is  proper  that  the: 
reader  should  consult,  before  attempting  to  analyze  any  mii^ 
saline  solution. 

1.  The  analysis  of  a  saline  solution  may  be  attempted  by 
crystallization.  For  this  purpose,  let  one  half  be  evaporated 
by  a  very  gentle  heat,  not  exceeding  80^  or  90^.  Should  any 
crystals  appear  on  the  surface  of  the  solution,  while  hot,  in 
the  form  of  a  pellicle,  let  them  be  separated  and  dried  on 
bibulous  paper.  These  are  chloride  of  sodium  or  common 
salt.  The  remaining  solution,  on  cooling  very  gradually,  will, 
perhaps,  afford  crystals  sufficiently  distinguishable  by  their 
form  and  other  qualities.  When  various  salts,  however,  are 
o(Hitained  in  the  same  solution,  it  is  extremely  difficult  to  ob- 
tain them  distinct  enough  in  their  forms  to  ascertain  their 
kind. 

2.  The  nature  of  the  saline  contents  must^  therefore^  be 
examined  by  tests,  or  re-agents. 

The  presence  of  an  uncombined  alkali  will  be  discovered 
by  the  stained  papers  (II),  and  of  acids  by  the  tests  (I).  The 
vegetable  alkali,  or  potassa,  may  be  distinguished  from  the 
mineral,  or  soda,  by  saturation  with  sulphuric  acid,  and  eva- 


*  AoQ.  de  Cbim.  et  Pbys.  iv.  966. 
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porgiion  to  dryness ;  the  sulphate  of  soda  being  much  more 
soluble  than  that  of  potassa ;  or,  by  supersaturation  with 
tartaric  aciil,  vbich  gives  a  soluble  salt  with  soda,  bu^  not 
with  potassa.  Muriate  of  platinum, .  also,  is  an  excellent  test 
ofpotassa  ^nd  its  combinations;  for,  with  the  smallest  }>ortiou 
of  this  alkali,  or  any  of  its  salts,  it  forms  a  distinct  and  imme* 
iUate  precipitate ;  while  it  is  not  at  all  affected  by  soda  or  its 
compounds. 

If  neutral  salts  be  present  in  the  solution,  we  have  to  ascer« 
tain  both  the  nature  of  the  acid  and  of  the  basis.  This  may 
be  done  by  attention  to  the  rules  already  given  for  the  appli- 
cation of  tests,  which  it  is  unnecessary  to  repeat  in  this  place. 
(See  the  Table,  page  513.) 

III.  The  solution  by  boiling  water  contains  scarcely  any 
thing  beside  sulphate  uf  lime. 

IV.  The  residuum  {d)  is  to  be  digested  in  distilled  vinegar, 
which  takes  up  magnesia  and  lime,  but  leaves,  undissolved, 
alumina,  silica,  and  peroxide  of  iron.  Evaporate  the  solution 
ta  dryness.  If  it  contain  acetate  of  lime  only,  a  substance  will 
be  obtained  which  dpes  not  attract  moisture  from  the  air ;  if 
magnesia  be  present,  the  mass  will  deliquiate.  To  separate 
the  lime  from  the  magnesia,  proceed  as  in  I. 

The  residue,  insoluble  in  acetous  acid,  may  contain  alumina, 
iron,  and  silica.  The  two  first  may  be  dissolved  by  muriatic 
acid,  from  which  the  iron  may  be  first  precipitated  by  prussiate 
ofpotassa,  and  the  alumina  afterwards  by  ammonia. 

Dn  Murray's  Formula  fi^  ilie  AnaU/su  of  Mineral  fValers. 

Some  ingenious  views  respecting  the  analysis  of  mineral 
waters  have  been  taken  by  the  late  Dr.  Murray  of  Edinburgh.* 
In  proceeding  by  the  method  of  evaporation,  the  salts  ob- 
tained arc  frequently,  he  conceived,  the  products  of  the  ope- 
ration, and  not  the  original  ingredients  of  the  water.  For 
example,  though  we  may  obtain  from  a  mineral  water,  sul- 

*  Edinb.  Transact,  viii.  250^  or  Thomdon'0  Annals.  I  retain  his  expres- 
sion, muriate  of  soda,  because  the  explanation  is  correctly  applicable  to  that 
salt  when  in  a  state  of  solution,  as  it  is  in  mineral  woters. 
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phate  of  lime  and  muriate  of  soda,  yet  it  is  probable^  be 
thinks,  that  the  water,  in  its  natural  state,  held  in  solntion 
both. sulphate  of  soda  and  muriate  of  lime,  which,  though 
inoompatible  salts,  if  presented  to  each  other  in  dense  sola- 
tion,  may  yet  exist,  without  mutual  decomposition,  when  dif- 
fused through  a  large  quantity  of  fluid.  He  argues,  there- 
fore, that  we  attain  a  much  nearer  approximation  to  the  true 
composition  of  a  mineral  water,  by  disregarding  the  salts  re- 
sulting from  its  evaporation ;  and,  instead  of  this,  determining 
with  extreme  precision  the  elements,  or  acids  and  bases,  of 
which  those  salts  are  composed.  The  peculiar  mode  of  com* 
bination,  in  which  they  exist  in  the  water  submitted  to  ana- 
lysis, can  only,  he  thinks,  be  inferred  by  considering  the  most 
probable  views  of  their  binary  composition. 

Having  gained  a  general  idea  of  the  nature  of  any  mineral 
water,  by  the  agency  of  the  tests  already  described.  Dr. 
Jilurray  recommends  that  we  proceed  to  its  minute  analysis  in 
the  following  manner. 

1.  Reduce  the  water,  by  evaporation,  as  far  as  can  be  done 
without  occasioning  any  sensible  precipitation  or  crystalli- 
zation. 

2.  Add  muriate  of  baryta,  as  long  as  it  occasions  a  preci- 
pitate^ and  no  longer.  By  an  experiment  on  a  separate  quan- 
tity, examine  whether  the  precipitate  effervesces  with  dilute 
muriatic  acid,  and  whether  it  is  entirely  dissolved  by  that 
acid  or  not.  If  entirely  soluble,  dry  and  weigh  it,  and  allow 
22  grains  of  carbonic  acid  for  every  100  grains.  If  it  do  not 
effervesce,  or  dissolve,  we  may  consider  it  as  sulphate  of  ba- 
ryta, and  reckon  that  it  contains,  in  a  dry  state^  S4  grains  of 
sulphuric  acid  in  every  100.  If  it  be  partly  soluble  with  efler- 
vescence,  and  partly  insoluble,  it  consists  both  of  carbonate 
and  sulphate  of  baryta,  the  former  of  which  may  readily  be 
separated  from  the  latter  by  diluted  muriatic  acid ;  and  the 
precipitate  being  weighed  in  a  dry  state,  both  before  and  after 
the  action  of  the  acid,  we  learn  the  quantity  of  each ;  whst 
remains  being  the  sulphate  only. 

By  evaporation,  the  carbonic  acid  Is  expelled,  and  the  su^Awric 
add  is  separated  by  the  barytic  salt    The  next  object  is  to 
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the  kind  and  quantity  of  the  bases  present;  and  then 
to  find  the  quantity  of  muriatic  acid,  originally  contained  in 
the  water. 

•  5.  To  the  clear  liquor  add  a  saturated  solution  of  oxalate 
of  amitionia,  as  long  as  any  turbid  appearance  is  produced. 
Collect  the  precipitate,  which  conisists  of  oxalate  of  lime ;  dry 
k ;  and,  by  calcining  it  at  a  low  red  heat,  convert  it  into  a 
carbonate,  which  may  be  changed  into  sulphate  by  a  slight  ex- 
cess of  sulphuric  acid.  The  sulphate  of  lime,  after  ignition, 
contains  41.5  of  lime  in  100.  Or  calculate  the  quantity  cf 
lime,  by  the  rule  already  given,  p.  498,  from  the  weight  of  the 
oxalate. 

4.  The  next  step  is  to  separate  the  magnesia^  which  may  be 
d<»ie  as  follows  :  let  the  clear  liquid,  remaining  after  the  pre- 
cipitation of  the  oxalate  of  lime,  be  heated  to  100°  Fahrenheit, 
and,  if  necessary,  reduced  a  little  by  evaporation ;  and  then 
add  to  it,  first  a  solution  of  carbonate  of  ammonia,  and  after- 
wards of  phosphate  of  ammonia,  as  long  as  any  precipitation 
ensues.  Wash  the  precipitate,  dry  and  calcine  it  at  a  red 
heat  for  an  hour,  after  w|iich  100  grains  may  be  estimated  to 
contain  40  of  magnesia. 

5.  To  estimate  the  soda^  evaporate  the  liquor,  remaining 
after  the  preceding  operations,  to  dryness,  and  expose  the  dry 
mass  to  heat  as  long  as  any  vapours  exhale,  raising  it,  in  the 
end,  to  redness.  The  residual  matter  is  muriate  of  soda,  100 
grains  of  which  are  equivalent  to  5S.S  soda,  and  46.7  of  mu- 
riatic acid. 

6«  It  is  possible  that  the  muriatic  acid,  deduced  from  the 
residuary  common  salt,  may  exceed  the  true  quantitjs  and 
that  a  part  may  have  been  introduced  by  the  muriate  of  ba- 
ryta. Or,  on  the  other  hand,  if  muriate  of  lime  or  magnesia 
were  present  in  the  water,  the  ammonia,  by  which  tliose 
earths  were  separated,  would  form,  with  the  muriatic  acid 
quitted  by  them,  a  salt,  which  will  have  been  dissipated  by 
heat;  and  consequently  the  muriatic  acid  will  have  been 
stated  too  low.  To  decide  this,  the  simple  rule  is,  to  sup- 
pose the  elements,  obtained  by  the  analysis,  combined  in 
binary  compounds  according  to  the  known  proportions  in 
which  they  unite.  The  excess  or  deficiency  of  muriatic  acid 
will  then  appear ;  and  the  amount  of  the  excess,  being  sub- 
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tracted  from  the  quantity  of  muriatic  acid  existing  in  the  nn* 
riate  of  soda  obtained ;  or  the  amount  of  the  deficit,  being 
added  to  that  quantity,  the  real  quantity  of  muriatic  acid  will 
be  apparent — As  a  check  on  this  operation^  it  may  be  proper 
to  estimate  directly  the  quantity  of  mnriatic  acid  in  a  given 
portion  of  the  water,  by  first  abstracting  any  sulphuric  or 
carbonic  acid  by  nitrate  of  baryta,  and  then  precipitating  the 
muriatic  acid  by  nitrate  of  silver.  The  real  quantity  of  mo* 
riatic  acid  will  thus  be  found ;  and  the  result  will  form  a  check 
on  the  other  steps  of  the  analysis ;  for  the  other  ingredients 
must  bear  that  proportion  to  the  muriatic  acid  which  will  cor- 
respond with  the  state  of  neutralization. 

Having  thus  discovered  the  difierent  acids  and  bases,  and 
determined  their  quantities,  it  remains  to  determine  the  state 
of  combination  in  which  they  exist.  They  may  dther  be  con- 
sidered as  forming  simultaneous  combinations,  or  as  existing 
in  the  state  of  binary  compounds.  In  the  latter  case,  it  is 
probable  that  the  acids  and  bases  are  so  united,  as  to  form  the 
most  soluble  compounds,  and  in  this  way  we  may  state  them. 
It  may  also  be  proper  to  give  the  quantity  of  binary  com- 
pounds obtained  by  evaporation,  or  by  any  other  direct  ana- 
lytic process.  For  example,  the  elements  of  the  salts  in  a 
pint  of  sea-water,  as  determined  by  Dn  Murray's  analysis,* 
are, 

Lime S.9  grains 

Magnesia 14.8 

Soda   96.3 

Sulphuric  acid   • .  14.4 
Muriatic  acid  •  •  •  97.7 


226.1 
Hie  compound  salts,  as  obtained  by  evaporation,  are^ 

Muriate  of  soda   • .  •  •  1 80.5  grains 

magnesia  23. 

Sulphate  of  magnesia  1 5.5 
lime  t .  •  •  7.1 


226.1 

■  ■  I       I.    ■    1    I 


*  Ediu.  PhU.  Trans. 
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But  the  snits  existing  in  a  pint  of  sea-water,  in  its  natural 

state,  before  subjecting  it  to  evaporation,  may  be  calculated,  to 

be 

Muriate  of  soda  ••••  180.5  grains 

magnesia      18.S 


»-  lime  ,  •  • .       5.7 


Sulphate  of  magnesia     ^1.6 

226.1 


SECTION.  III. 

Examination  ofMmerals. — General  Directiqps. 

The  chemical  analysis  of  minerals  is  attended  ev^n  with 
greater  diflfTculties  than  that  of  natural  waters;  and  it  would 
require  not  only  a  separate  woric,  but  one  of  considerable  ex* 
tent,  to  comprehend  rules  for  determining  the  proportions  of 
all  possible  combinations.  On  the  present  occasion,  I  mean 
only  to  offer  a  few  general  directions  for  attaining  such  a 
knowledge  of  the  composition  of  mineral  bodies,  as  may  ena-* 
ble  the  chemical  student  to  refer  them  to  their  proper  place  in 
a  mineral  arrangement,  and  to  judge  whether  or  not  they  may 
admit  of  application  to  the  uses  of  common  life.  Those  who 
are  solicitous  to  become  adepts  in  the  art  of  mineral  analysis, 
should  study  attentively  the  numerous  papers  of  Vauquelin, 
Hatcliett,  and  other  skilful  analysts,  dispersed  through  va- 
rious chemical  collections ;  and  also  an  admirable  work  of 
M .  Klaproth,  entitled,  **  Analytical  Essays  towards  improv- 
ing the  Chemical  Knowledge  of  Minerals,"  2  vols.  Svo.  put>* 
lished  in  London  in  1801. 

The  great  variety  of  mineral  bodies,  which  nature  present* 
in  the  composition  of  this  globe,  have  been  classed  by  kte 
writers  under  a  few  general  divisions.  They  may  be  ooq* 
venienlly  arranged  under  four  heads:  1st,  Earths;  fd,  8alts| 
5d,  Inflammablv  Fossils;  and  4th|  Metals,  and  their 
Ores. 
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I.  Earths,  The  term  earth,  we  mav  use  with  Mr. 
to  denote  a  tasteless,  inodorous,  dry,  brittle,  uninflammable  sub- 
stance, whose  specific  gravity  does  not  exceed  4*9  (i.  e*  which 
is  never  five  times  heavier  than  water),  and  which  gives  no 
tinge  to  borax  in  fusion.  Some  exceptions  to  this  definition 
are  afforded  by  the  strong  taste  of  certain  earths,  and  the 
solubility  of  others ;  but  since  a  line  must  be  drawn  between 
salts  and  earths,  it  may  begin  where  solution  is  scarcely  per- 
ceptible; salts  terminating,  and  earths,  in  strictness,  com- 
mencing, where  the  weight  of  the  water,  requisite  for  the  so- 
lution, exceeds  that  of  the  solvent  1000  times.  Not  to  depart, 
however,  too  widely  from  the  commonly  received  import  of 
words  that  are  in  constant  use,  substances  that  require  100 
times  their  weight  of  water  to  dissolve  them,  and  have  the 
other  sensible  properties  of  earths,  may  be  so  styled  in  a  loose 
and  popular  sense. 

The  simple,  or  pritniliue  earths,  are  those  which  can  only 
be  resolved  into  oxygen  and  a  metallic  basis.  Such  are  lime^ 
magnesia,  alumina,  silica,  &c. 

The  compound  earths  are  composed  of  two  or  more  primi- 
tive earths,  united  chemically  together.  Sometimes  the  union 
of  an  earth  with  an  acid  constitutes  what  in  common  language 
is  called  an  earth ;  as  in  the  examples  of  sulphate  of  baryta, 
fluateof  lime,  &c. 

II.  Salts.  Under  this  head  may  be  arranged  all  those  sub- 
stances that  require  less  than  100  times  their  weight  of  water 
to  dissolve  them.  This  description,  though  by  no  means  so 
amply  characteristic  of  the  class  of  salts  as  to  serve  for  aa 
exact  definition,  is  sufficient  for  our  present  purpose. 

III.  By  inflammable  fossils,  the  same  author  observes^ 
are  to  be  understood  all  those  of  mineral  origin,  whose  prin- 
cipal character  is  inflammability ;  a  criterion  which  excludes 
the  diamond  and  metallic  substances,  though  also  susceptible 
of  combustion. 

IV.  Metallic  substances  are  sufficiently  characterized 
by  the  external  properties  enumerated  in  Chapter  IX.  Those 
on  which  nature  has  bestowed  their  proper  metallic  appear- 
ance, or  which  are  alloyed  only  with  other  metals  or  semi- 
metals,  are  called  native  metals.     But  those  that  are  distia- 
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I,  as  they  commonly  are  in  mines,  by  combination  with 
me  other  unmetallic  substances,  are  said  to  be  mineraUzed. 
he  substance  that  sets  them  in  that  state  is  called  a  minera- 
icr;  and  the  compound  of  both,  an  ore.  Thus,  in  the  most 
xnmon  ore  of  copper,  this  metal  is  found  combined  with 
idpbor.  The  copper  may  be  said  to  be  mineralized  by  oxy- 
^.and  sulphur,  and  the  compound  of  the  two  bodies  is 
ailed  an  ore  of  copper, 

itr.  Lr^Met/iod  of  examining  a  Mineral,  the  Composition  of 

which  is  tmknoiun, 

A  MiMERAL  substance,  presented  to  our  examination  with- 
Mit  any  previous  knowledge  of  its  composition,  should  first  be 
refarred  to  one  of  the  above  four  classes,  in  order  that  we  may 
Htftin  a  general  knowledge  of  its  nature,  before  proceeding  to 
nmljrzfe  it  minutely. 

I.  To  ascertain  whether  the  unknown  mineral  contain  saline 
nttter,  let  100  grains,  or  any  other  determinate  quantity,  in 
die  state  of  fine  powder,  be  put  into  a  bottle,  and  shaken  up 
repeatedly  with  SO  times  its  weight  of  water,  of  the  tempera- 
tweof  120°  or  150*^.  After  having  stood  an  hour  or  two, 
pour  the  contents  of  the  bottle  on  a  filtering  paper,  previously 
weighed  and  placed  on  a  funnel.  When  the  water  has  drained 
^  dry  the  powder  on  a  filtering  paper,  in  a  heat  of  about 
SI2^:  and,  when  dry,  let  the  whole  be  accurately  weighed. 
If  the  weight  be  considerably  less  than  the  joint  weight  of  the 
P>wder  before  digestion  and  the  filtering  paper,  we  may  infer 
diat  some  salt  has  been  dissolved,  and  the  decrease  of  weight 
*iU  indicate  its  quantity. 

^  In  certain  cases  it  may  be  advisable  to  use  repeated  por- 
^HHis  of  boiling  water,  when  the  salt  suspected  to  be  present  is 
i^'Qeult  of  solution. 

Should  the  mineral  under  examination  be  proved,  by  the 
c^ngoing  experiment,  to  contain  much  saline  matter,  the  kind 
■^  proportion  must  next  be  determined,  by  rules  which  will 
^^reafter  be  laid  down. 

II.  The  second  class^  viz.  earthy  bodies,  are  distinguished 
^y  their  insolubility  in  water,  by  their  freedom  from  taste,  by 
heir  uninflammability,  and  by  their  specific  gravity  never 
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Kacliing  5.  Iff  tlicrefore,  a  mineral  be  iDsolublc  in  vaUi, 
when  tried  in  lite  foregoing  mnniier;  anj  ifil  be  not  con. 
eumed,  cither  wholly  or  in  considerable  part,  by  kcepiog  il, 
for  some  time,  on  a  red-hot  iron ;  wc  may  conclude  that  it  a 
neither  a  sntt  nor  an  in  fin  mm  able  boily. 

III.  The  only  rcmuining  class  with  wliicli  il  can  be  cm- 
founded  is  ores  of  metals,  from  many  of  which  it  may  U 
disLinfruished  merely  by  poising  it  in  the  hund,  the  cm  of 
metals  being  nlwnys  heavier  than  earths;  or,  if  a  doubt  shouU 
■till  remain,  it  may  be  weighed  hydro«taticfilly.  The  niodeof 
doing  this  it  may  be  proper  to  describe ;  but  the  prineipleoB 
wliicli  the  practice  is  founded,  cannot  with  propriety  be  O ! 
plained  here.  Let  the  mineral  be  Eu^pended  by  a  piece  tf 
line  hair,  silk,  or  thread,  from  the  scale  of  a  balance,  ai 
weighed  in  the  air.  Suppose  it  to  weigh  2.50  grain*.  L<tii. 
next  (still  suspended  to  the  balance)  be  immereed  in  «  g)M 
of  distilled  water,  of  the  temperature  of  60°  Faht.  The  tcalo 
containing  the  weight  will  now  preponderate.  Add,  tlicreforf^ 
to  the  Bcale  fironi  which  the  mineral  hangs,  as  many  grai*> 
weights  as  are  necessary  to  restore  the  equilibrium.  JSuppM 
that  50  grains  are  necessary,  then  the  specific  gravity  tasj  l« 
learned  by  dividing  ilie  weight  in  air  by  the  weight  lott  io 
water.  Thus,  in  the  foregoing  case,  250-^-50  =  5;  or,auib- 
stance  which  should  lose  weight  in  water,  according  to  tli« 
above  proportion,  ^^'outd  be  five  times  heavier  than  water-  It 
must,  therefore,  contain  some  metal,  though  probably  in  M 
great  quantity.  Any  mineral,  which,  when  weighed  io  lb* 
above  manner,  proves  to  be  5,  6,  7,  or  more  times  hein' 
than  water,  may,  lliercforo,  be  inferred  to  contain  a  nietA 
and  may  be  referred  to  the  class  of  ores. 

IV.  Inflammable  substances  are  distinguished  bv  tb><' 
burning  away,  either  entirely  or  in  considerable  psrt,  «!• 
red-hot  iron  j  and  by  their  detonating,  when  mixcil  with  po** 
dered  nitre,  and  thrown  into  a  red-hot  crucible.  Ccnaiu  on> 
of  metals,  however,  which  contain  a  considerable  proportio 
of  inflammable  matter,  answer  to  this  test,  but  may  be  ditutf 
guishcd  from  purely  inflammable  substances  by  their  greater 
spedtic  gravity. 

I  shall  now  proceed  to  ofTer  a  few  general  rules  &>r  ibi 
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lore  accarate  exomiDation  of  substances  of  each  of  the  nboYe 


Art.  II.-^Examinalion  qfSalis. 

1.  A  soluiion  of  saline  matter,  obtained  in  the  foregoing 
aanner  (see  page  535)t  may  be  slowly  eroporatecl,  and  left  to 
yofA  gradually.  When  cold,  crystals  will  probably  appear^ 
irhich  a  chemist,  acquainted  with  the  forms  of  salts,  will  easily 
reeognixe.  But,  as  several  different  salts  may  be  present  in 
the  same  solution,  and  may  not  crystallize  in  a  sufficiently  dis*^ 
Kael  shape,  it  may  be  necessary  to  have  recourse  to  the  evi* 
dcDce  of  tests. 

2.  Lei  the  salt,  in  the  first  place,  be  referred  to  one  of  the 
faUowiog  orders. 

(a)  AiMsf  or  said  with  excess  of  acid.  These  are  known  by 
Asir  eSect  on  blue  Yq;etable  colours.  The  particular  species 
sficid  may  be  discovered  by  the  tests  cnutnerated,  p.  513. 

{b)  Alkalis.  These  are  characterized  by  their  effect  on 
wptable  colours,  and  by  the  other  properties  enumeratedi 
id.  i.  p.  494. 

(c)  Sails  with  meiallic  las€s.  Metallic  salts  aiibrd  a  very 
copions  and  generally  a  coloured  precipitate,  when  mixed  with 
iidotioti  of  ferro-cyanateof  potassa.  (See  table,  vol.  i.  p.  5SS.) 
To  ascertain  the  species  of  metal,  precipitate  the  whole  by  the 
fivro-qranate,  calcine  the  precipitate^  and  proceed  according 
Id  the  roles  which  will  hereafter  be  given  for  separating  metals 
ftom  each  other. 

(d)  Salts  with  earthy  bases.  If  a  solution  of  salt,  in  which 
ftnoM^anate  of  potassa  occasions  no  precipitation,  affi)rd  a 
pitdipitate,  immediately  on  adding  pure  or  carbonated  potassa, 
^may  infer,  that  a  compound  of  an  acid,  with  some  one  of  the 
earths,  is  present  in  the  solution.  Or  if,  after  ferro-cyanate 
^potassa  has  ceased  to  throw  down  a  sediment,  the  above- 
'fientioned  alkali  precipitates  a  farther  portion,  we  may  infer 
Ast  both  earthy  and  metallic  salts  are  contained  in  the  solu- 
tion. In  the  first  case,  add  the  alkaline  solution,  and,  when 
it  has  ceased  to  produce  any  effect,  let  the  sediment  subside, 
defiant  the  supernatant  liquor,  and  wash  and  dry  the  precipi- 
tite^  The  earths  may  be  examined,  according  to  the  rules 
that  will  be  given  in  the  following  article.  In  the  second  case. 
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ferro-^yanate  of  potassa  must  be  added,  as  long  as  it  precipi- 
tates any  tiling,  and  the  liquor  must  be  decanted  from  the 
sediment,  which  is  to  be  washed  with  distilled  water,  adding 
the  washings  to  what  has  been  poured  off.  The  decanted  so- 
lution must  next  be  mixed  with  the  alkaline  one^  and  the  pre- 
cipitated earths  reserved  for  experiment.  By  this  last  process, 
eartlis  and  metals  may  be  separated  from  each  other. 

(e)  Ntulral  sails  with  alkaline  bases.  These  salts  are  not 
precipitated  cither  by  ferro-cyanate  or  carbonate  of  potasss. 
It  may  happen,  however,  that  salts  of  this  class  may  be  con- 
tained in  a  solution,  along  with  metallic  or  earthy  ones.  In 
this  case  the  analysis  becomes  difficult ;  because  the  alkali, 
which  is  added  to  precipitate  the  two  last,  renders  it  difficult 
to  ascertain  whether  the  neutral  salts  arc  owing  to  this  addi- 
tion, or  were  originally  present*  I  am  not  aware  of  any  me- 
thod of  obviating  this  difficulty,  except  the  following:  Let 
the  metals  be  precipitated  by  ferro-cyanate  of  ammonia,  and 
the  earths  by  carbonate  of  ammonia,  in  a  temperature  of  180^ 
or  upwards,  in  order  to  ensure  the  decomposition  of  magne- 
sian  salts,  which  this  carbonate  does  not  effinrt  in  the  cold. 
Separate  the  liquor  by  filtration,  and  boil  it  to  dryness.  Then 
expose  the  dry  mass  to  such  a  heat  as  is  sufficient  to  expd  the 
ammonical  salts.*  Those  with  bases  of  fixed  alkali  wiU  re- 
main unvolatilized.  By  this  process,  indeed,  it  will  be  impos- 
sible to  ascertain  whether  ammoniacal  salts  were  originally 
present ;  but  this  may  be  learned  by  adding  to  tlie  salt  under 
examination,  before  its  solution  in  water,  some  pure  potassa, 
which,  if  ammonia  be  contained  in  the  salt,  will  produce  the 
peculiar  smell  of  that  alkali.  The  vq^table  and  mineral  al- 
kalis may  be  distinguished  by  adding  to  the  solution  a  little 
tartaric  acid,  which  precipitates  the  former  but  not  the  latter; 
or  by  muriate  of  platinum,  which  acts  only  on  the  vegeta- 
ble alkali. 

Having  ascertained  the  basis  of  the  salt,  the  acid  will  easily 


*  This  application  oflieat  will  drive  oflf,  also,  any  excess  of  theammo- 
niacal  carbonate,  which  might  have  retained  in  suiutioo  either  Tttria,  ||a* 
cina,  or  zirconio.  The  alkaline  salts  may  be  separated  from  these  earllM, 
by  boiling  the  mixture  in  water,  filtering,  and  evaporating. 
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be  discriminated.  Muriated  baryta  will  indicate  sulphuric 
acid;  nitrate  of  silver  the  muriatic;  and  salts,  containing 
nitric  acid,  may  be  known  by  a  detonation  ensuing  on  pro- 
jecting them,  mixed  with  powdered  charcoal,  into  a  red-hot 
crucible. 

Art.  hi, — Examination  of  Earths  and  Stones. 

When  a  mineral,  the  composition  of  which  we  are  desirous 
tp  discover,  resists  the  action  of  water,  and  possesses  charac- 
ters that  rank  it  amon/j  earthy  bodies,  the  next  object  of 
inquii7  is  the  nature  of  the  earths  that  enter  into  its  com|K>- 
sition;  in  other  words,  how  many  of  the  simple  earths,  and 
which  of  them,  it  may  contain.— Of  these  earths  {viz.  silica, 
alumina,  magnesia,  lime,  strontia,  baryta,  zirconia,  glucina, 
and  yttria),  one  or  more  may  be  expected  in  the  composition 
of  a  mineral,  beside  a  small  proportion  of  metals,  to  which  thq 
cqIouf  of  the  stone  is  owing.  In  general,  however,  il  is  not 
usual  to  find  more  than  four  of  the  simple  earths  in  one  mine- 
ral. The  newly  discovered  alkali,  lithia,  and  the  earths,  zir- 
conia, glucina,  yttria,  and  thorina,  occur  very  rarely. 

A  stone,  which  is  intended  for  chemical  examination,  should 
be  finely  powdered  in  a  mortar;  and  care  should  be  taken 
that  the  mortar  is  of  harder  materials  than  the  stone,  other- 
wise it  will  be  liable  to  abrasion,  and  uncertainty  will  be  oc- 
casioned in  the  result  of  the  process.  A  longer  or  shorter 
time  is  required,  according  to  the  texture  of  the  stone.  Of 
the  harder  gems,  100  grains  require  two  or  three  hours'  tritu- 
ration. For  soft  stones,  a  mortar  of  Wedgwood's  ware  is  suf- 
ficient; but,  for  very  hard  minerals,  one  of  agatej  or  hard  steelt 
is  required ;  and  the  stone  should  be  weighed  both  before  and 
after  pulverization,  that  the  addition,  if  any,  may  be  ascer- 
tained and  allowed  for.  Gems,  and  stones  of  equal  hardness, 
gain  generally  from  10  to  13  per  cent.  When  a  stone  is  ex- 
tremely difficult  to  be  reduced  to  powder,  it  may  sometioies 
be  necessary  to  make  it  red-hot,  and  while  in  this  suite  to 
plunge  it  into  cold  water.  By  this  process  it  becomes  brittle^ 
and  is  afterwards  easily  pulverized.  But  this  treatment  is  not 
always  effectual ;  for  Klaproth  found  tlie  hardness  of  coruii- 

VOL.  u.  ?  M 
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dum  not  at  all  diminished  by  igniting  it|  and  qnencbing  in 
cold  water. 

Tliid  chemical  agents^  employed  in  the  analysis  of  stoneii^ 
should  be  of  the  greatest  possible  purity.  To  obtain  tli^m  In 
this  state,  directions  have  been  given  in  the  former  part  of 
this  work. 

In  treating  of  the  analysis  of  stones,  it  may  be  proper  to 
divide  them,  1st,  into  such  as  are  soluble,  either  wholly  of  in 
part,  and  with  effervescence,  in  nitric  or  muriatic  adds,  di- 
luted with  five  or  six  parts  of  water ;  and,  2dly,  into  such  as 
do  not  dissolve  in  these  acids. 

1.  Earths  or  Stones,  soluble  with  effervescence,  in  diluted  niirie 

or  sulphuric  Acids.* 

(A)  If  it  be  found,  on  trial,  that  the  mineral  under  exami<* 
nation  effervesces  with  either  of  these  acids,  let  a  giveh  weighty 
finely  powdered,  be  digested  with  one  of  them  diluted  in  the 
above  proportion,  in  a  gentle  heat,  for  two  or  three  hoars. 
Ascertain  the  loss  of  weight,  in  the  manner  pointed  out,  vol.  L 
p.  533,  and  filter  the  solution^  reserving  the  insoluble  por- 
tion. 

(B)  The  solution,  wheii  effected,  may  contain  lime^  mag^ 
nesia,  alumina,  baryta,  or  strontia.  To  ascertain  the  prs» 
sence  of  the  two  last,  dilute  an  aliqiiot  part  of  the  solution  with 
SO  times  its  bulk  of  water,  and  add  a  little  sulphuric  acid,  or, 
in  preference,  solution  of  sulphate  of  soda.  Should  a  whits 
precipitate  fall  down,  we  may  infer  the  presence  of  baryta,  of 
strontia,  or  of  l>oth. 

(C)  To  ascertain  which  of  these  earths  (viz.  baryta  or  strom 
tia)  is  present,  or,  if  both  are  contained  in  the  solution,  to 
separate  them  from  each  other,  add  sulphate  of  soda  to  a  very 
dilute  solution,  till  the  precipitate  ceases ;  decant  the  super* 
natant  liquid ;  wash  the  sediment  on  a  filter,  and  dry  it-* 
Then  digest  it,  with  four  times  its  weight  of  subcarbonate  di 
potassa,  and  a  suSicieut  quantity  of  water,  in  a  gentle  beatf 


*  The  sulphuric  i^cid  is  chiefly  eligible  for  stones  of  lh6  magneuan  genus. 
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during  8^6l*al  hoilfs.  A  double  exchange  of  prioctplcs  Kill 
ensue,  and  we  shall  obtain  a  carbonate  of  barjrtii  or  strontia, 
or  a  mixture  of  both,  with  some  undecomposed  sulphate, 
l^oui*  on  th68e>  afler  being  well  washed,  nitric  acid^  df  the 
specific  gravity  l.i,  diluted  with  an  equal  weight  of  distilled 
water.  This  will  dissolre  the  strontia,  but  not  the  baryta. 
To  determine  whether  any  strontia  has  been  taken  up  by  th6 
tcid,  evaporate  the  solution  to  dryness,  and  dissolve  the  dfy 
mass  in  alcohol.  This  alcoholic  solution,  if  it  contain  nitrate 
of  strontia,  will  burn  with  a  deep  blood- red  flame. 

Baryta  and  strontia  may  also  be  separated  from  each  othet 
fn  the  following  manner:  To  a  saturated  solution  of  the  two 
Mrths  in  an  acid,  add  ferro-cyanate  of  potassa,  which,  if  puiTe^ 
will  occasion  no  immediate  precipitation;  but,  after  some 
time^  small  and  insoluble  crystals  will  form  on  the  surface  of 
the  jar.  These  are  the  prussiated  baryta,  which  may  be 
changed  into  the  carbonate  by  a  red  heat,  continued,  with  the 
Access  of  air,  till  the  black  colour  disappears.  The  strontia 
may  be  afterwards  separated  from  the  solution  by  carbonate 
of  potassa. 

A  third  method  of  separating  strontia  from  baryta  is  found- 
ed on  tlie  stronger  affinity  of  baryta,  than  of  the  former  earth, 
for  acids.  Hence  if  the  two  earths  be  present  in  the  same 
■olution^  add  a  solution  of  pure  baryta,  till  the  precipitation 
ceases.  The  baryta  will  seize  the  acid,  and  will  throw  down 
the  strontia.  The  strontitic  solution,  in  this  case,  should  have 
no  excess  of  acid,  which  would  prevent  the  action  of  thebary- 
tic  earth.*  It  must  be  acknowledged,  however,  that  all  theite 
methods  of  separating  baryta  and  strontia  from  each  other  are 
imperfect,  and  that  un  effectual  process  is  still  a  desideratum. 

(D)  The  solution  (B),  after  the  addition  of  sulphate  of 
coda,  may  contain  lime,  magnesia,  alumina,  and  some  metallic 
oxides.  To  separate  the  oxides,  add  ferro-cyanate  of  potassa, 
till  its  effects  cease,  and  filter  the  solution,  reserving  the  pre- 
cipitate for  future  experiments. 


•  KUproih  teparatet  baryta  from  strontia  by  evaporating  tbemiied  iolu« 
cioas  of  both.  The  barjtic  salt,  being  lets  soluble,  separates  first  $  and  the 
strontitic  is  contained  in  the  last  portions. 

2  M  2 
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(E)'  When  lime,  magnesia,  and  alumina,  are  contained  in 
the  same  solution,  proceed  as  follows : 

(a)  Precipitate  the  solution,  previously  made  hot,  by  car- 
bonate of  potassa  ;  wash  the  precipitate  well,  and  dry  it.  It 
will  consist  of  carbonate  of  lime,  magnesia,  and  alumina. 
(b)  The  alumina  may  be  separated  by  digestion  with  a  solii- 
tion  of  pure  potassa,  which  will  dissolve  the  alumina,  but  not 
the  other  earths,  (c)  To  this  solution  of  alumina,  add,  very 
cautiously,  diluted  muriatic  acid,  till  the  precipitate  ceaacs,  and 
no  longer:  or,  as  Mr.  Chenevix  recommends,  substitute  mu- 
riate of  ammonia,  which  throws  down  the  alumina  without 
risk  of  re-dissolving  it ;  decant  the  supernatant  liquor ;  wash 
the  precipitate  well  with  distilled  water,  and  dry  it.  Then 
expose  it  to  a  low  red  heat,  in  a  crucible,  and  weigh  it,  which 
will  give  the  proportion  of  alumina. 

(F)  Magnesia  and  lime  may  be  separated,  though  not  with 
perfect  accuracy,  by  the  following  process :  Evaporate  to  dij- 
ness  the  solution  in  nitric  or  muriatic  acid.  Weigh  the  dry 
mass,  and  pour  on  it,  in  a  glass  evaporating  dish,*  more 
than  its  own  weight  of  strong  sulphuric  acid.  Apply  a  sand- 
heat  till  the  acid  ceases  to  rise,  and  then  raise  the  heat,  so  as 
to  expel  the  excess  of  sulphuric  acid.  Weigh  the  dry  mass, 
and  digest  it  in  twice  its  weight  of  cold  distilled  water.-^-This 
will  dissolve  the  sulphate  of  magnesia,  and  will  leave  the  sul- 
phate of  lime,  which  must  be  put  on  a  filter,  washed  with  a 
little  more  water,  and  dried  in  a  low  red  heat.  To  estimate 
the  quantity  of  lime,  allow  for  that  base  41  per  cent,  of  the 
weight  of  the  precipitate  ascertained  before  it  has  become 
cold. 

The  magnesia  is  next  to  be  precipitated  from  its  sulphate 
by  the  sul>-carbonatc  of  potassa,  in  a  heat  approaching  SI  2^; 
and  the.  precipitate,  after  being  well  washed,  must  be  dried, 
and  calcined  for  an  hour.  Its  weight,  after  calcination,  will 
give  the  quantity  of  magnesia  contained  in  the  stone. 

It  had  been  recommended,  when  magnesia  and  lime  arc 
contained  in  the  same  solution,  to  precipitate  the  latter  by  tlie 

•  The  bottom  of  a  broken  Florence  flask  answers  tliis  purpose  extremely 
well,  and  bears,  without  breaking,  the  heat  necessary  to  expel  the  sQlpharic 
acid. 
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»i-carbouate  of  polassa ;  but  it  has  been  shown  by  Bucholz, 
bat  this  process  is  defective,*  a  considerable  proportion  of 
he  carbonate  of  lime  remaining  in  solution.  Doberainer  pre- 
iars  adding  the  sub-carbonate  of  ammonia  to  the  cold  solution 
if  the  two  earths.  The  carbonate  of  lime  is  thus  thrown 
lown,  and  carbonate  of  magnesia  may  afterwards  be  separated) 
tj  boiling  the  liquor;  but  it  is  found  in  practice  that  the  first 
Mreclpitate  contains  a  little  magnesia,  and  the  second  a  little 
ime.  To  obviate  this  difficulty  both  carbonates  may  be  pre^ 
apitated  together  by  adding  sub-carbonate  of  soda  or  of 
lotaisa  to  the  heated  solution ;  and  from  this  precipitatCf  after 
being  sufficiently  washed,  muriate  of  ammonia  will  take  up 
the  carbonate  of  magnesia,  leaving  that  of  lime  separate. 
FVom  the  weigiits  of  the  carbonates,  it  is  easy  to  estimate 
thoseof  the  pure  earths  contained  in  them. 

Mr.  Phillips  recommends  tlie  following  plan  of  separating 
fine  and  magnesia  from  each  other.  To  the  muriatic  or 
nitric  solution  of  the  two  earths,  add  sulphate  of  ammonia  in 
mfficient  quantity ;  evaporate  the  mixture  gradually  to  dry* 
Bess;  and  then  heat  it  to  redness,  till  it  ceases  to  lose  weight 
bj  tlie  volatilization  of  the  muriate  or  nitrate  of  ammonia 
farmed.  Note  the  weight  of  the  mixed  salt,  reduce  it  to  pow- 
der, and  wash  it  with  a  cold  saturated  solution  of  sulphate  of 
liioe,  till  all  the  sulphate  of  magnesia  appeai*s  to  be  dissolved ; 
dry  the  sulphate  of  lime  left;  and  by  deducting  its  weight 
fiom  that  of  the  mixed  sulphates,  the  quantity  of  sulphate  of 
Aiagnesia  dissolved  will  ap))ear.  (Quart.  Journ.  vi.  316.) 
Tbis  method,  which  it  appears  had  been  practised  also  by 
Mr.  Cooper,  has  been  shown  by  the  latter  to  be  susceptible 
<tf  great  precision.     (Quart.  Journ.  vii.  392.}t 

Dr.  Daubeny,  in  an  elaborate  memoir  on  the  methods  of 
KepMrating  lime  from  magnesia,  (Edinburgh  Philosophical 
Journal,  vii.  108.)  proposes  the  following  modification  of  the 
process  which  has  been  just  described.  Dissolve  a  given  por- 
tion of  the  earth  under  examination  in  nitric  acid,  thus  sepa- 


*  Ann.  de  Chim.  et  Phys.  iii.  403. 

t  Rtspecting  the  separation  of  these  earths,  tlie  reader  may  also  consult 
Aan.  de  Chiro.  et  de  Phys.  ix.  177.  lii.  S55  and  xvii.  349;  aUo  Ann.  of 
Phil  lii.  394.  xiii.  58. 
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rating  the  silica,  »iiil  most  of  the  ))cruxi<]e  of  iron,  from  tlir 
liiiiei  magncaiai  alumina,  |)i-iitoxidc  of  iron,  &c.  Evaponir 
the  anlution,  and  drive  off  the  nitric  Bcid  by  heat,  ihiu  con- 
vertinf;  tlie  ii-oii  hito  a  peroxide.  Weigh  the  residuum  uftf/ 
calcination,  and  treat  it  with  diatillcd  viticgitr  or  diliilcd  ocelic 
acid,  which  will  take  up  only  the  hme  and  raa^ciiia.  Sub- 
tract the  weight  of  the  undissolved  portion  from  that  of  lb( 
residunm  after  calcination,  thus  asccrluinio}^  the  joint  wdffhl 
of  the  dissolved  lime  and  magnesia;  then  dccompow  lb» 
acetates  by  suljihatc  of  ammonia;  evaporate  the  solution  u«m1j 
lo  dryness,  and  separate  the  sulphate  of  magnesiu  Iroin  llw 
sulpliate  of  lime,  by  washing  with  water  already  saturalcd  vilb 
Rulphato  of  lime.  Expose  the  stdphate  of  lime  to  ■  nd 
heat,  and  ascertain  its  weight,  from  which  the  amount  of  cb 
lime  originally  present  may  be  readdy  deduced.  We  imj 
then  inler  the  weight  of  the  magnesia  from  the  dEJ&raw 
between  the  amount  of  the  lime,  and  that  of  Uic  whole  whici 
the  vinegar  was  found  to  have  diwolved  ;  or,  if  we  widi  to 
verify  the  result,  it  may  be  done  by  precijiitating  the  BUi|f 
neaia  by  an  alkali,  or  still  better  by  converting  it  into  iripk 
phosphate.  The  qtinniity  of  sul[>hate  ufiiiiie,  present  inlht 
water  u.^  for  washing  off  the  sulpliate  of  magnesia,  dibv  bf 
estimatetl  and  allowevl  for. 

Or  wc  may  content  uurselvcs  by  dissolving  the  lime  umI 
magnesia  in  muriatic  acid;  decomposing  the  solution  bjial- 
phate  of  ammonia;  and  aller  suSering  the  snlphaie  of  linxU 
subside,  decanting  olf  the  supernatant  liquor,  and  tbroving 
down  the  magnesia  from  the  latter  by  carbonate  of  ammoB* 
anil  phosphate  of  soda.  The  magnesia  contained  in  tliepf^ 
cipitatc  niiiy  be  esLimaled  by  tlic  rule  already  given,  page  ill. 

(G)  If  mngnesin  and  alumina  only  be  lield  in  solution  bf» 
acid  (the  absence  of  lime  being  indicated  by  the  non•app'l^ 
ance  of  a  precipitate,  on  adding  oxulule  of  ammonia),  thetw* 
rarths  may  be  separated  by  adding,  to  the  cold  sulutiun,  (^ 
carbonate  of  ammonia.  'J'his  will  separate  the  alumina,  *mk 
may  be  coliicled,  washed,  and  dried.  To  ascertain  t list  I 
complete  SL'pnratiun  of  the  two  earths  has  been  ncconjplishwi 
the  process  may  be  followed,  which  is  recommended  by  Klsp- 
roth,  in  his  Contributions,  vol.  i.  page  418.     The  BiagiM*i*i 
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retpaioing  in  solution,  may  be  precipitated  by  sub*carbonale 
of  potassa ;  heat  being  applied,  to  expel  the  exceM  of  carbonic 


Magnesia  and  alumina  may,  alto,  be  separated  by  succiiuuil 
#f  soda,  which  precipiutes  the  latter  earth  only.* 

When  Uie  nitric  solution  of  magnesia,  of  alumina,  or  of 
both,  contains  a  small  proportion  of  iron,  this  may  b^  sep»4 
rated  from  either  or  both  of  the  earths  by  evaporating  to  ditji^ 
ness,  calcining  the  residue,  during  one  hour,  in  a  low  red 
heat,  and  dissolving  again  in  dilute  nitric  acid,  which  doeA  not 
take  up  iron  when  thus  per-oxidized. 

(H)  The  insoluble  residue  (A)  may  contain  alumina,  silica^ 
and  oxides  of  metals,  so  far  oxidized,  as  to  resist  the  action  of 
nitric  and  muriatic  acids. 

(a)  Add  concentrated  sulphuric  acid,  with  a  small  quantity 
of  potassa,  and  evaporate  the  mixture  to  dryness,  in  tlie  tiess^ 
described  in  the  note  p.  532.  On  the  dry  mass  pour  a  fresh 
portion  of  the  acid ;  boil  again  to  dryness,  and  let  this  b^ 
done,  repeatedly,  three  or  four  times.  By  this  operation,  th6 
alumina  will  be  converted  into  alum,  which  will  be  easily 
soluble  in  warm  water;  and  from  the  solution,  crystals  of 
alum  will  shoot  on  evnporation.f  The  alumina  may  be  pre* 
cipitated  from  the  sulphuric  acid  by  carbonate  of  potassa ; 
washed,  dried,  and  ignited;  and  its  weight  ascertained. 

During  the  evaporation  of  a  solution  of  alumina,  which  ha^ 
been  separated  from  silica,  portions  of  the  latter  earth  continue 
to  fall,  even  to  the  last.^  These  must  be  collected,  and 
washed  with  warm  water ;  the  collected  earth  added  to  the 
portion  {b%  and  the  washings  to  the  solution  (a). 

Alumina  may  be  separated  from  oxide  of  iron  by  a  sduttoi) 
of  pure  potassa. 

From  whatever  acid  alumina  is  precipitated  by  a  fished 
alkali,  it  is  apt  to  retain  a  small  portion  of  the  prcclpitilnt. 
To  ascertain  the  true  quantity  of  this  earth,  it  must,  therefore, 

*  See  jLvit.  of  the  chapter  on  Mineral  Waters. 

t  Klaproth  procured  crjstalt  of  alum  frooti  one  foarth  of  a  grain  of 
alaapina.  The  quantity  of  alumina  he  ettimatet  at  one  tenth  the  weight  of 
the  orystaUi7ad  alam  which  it  obtained. 

}  See  Klaprothy  ?ol«  i.  poges  06  and  75. 
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be  re-dissolved  in  acetous  ncid,  nguiii  precipitated  by  wlutioo 
of  pure  Hinmonis,  dried,  and  ignited. 

(i)  The  oxides  (generally  of  iron  only)  may  be  sepiirated 
from  the  silica  in  the  following  manner; — Let  the  ii)»oiul>la 
part  (ff)  be  hented  in  a  cnicible  with  a  little  wax.  This  wil 
render  the  oxides  soluble  in  diluted  sulphuric  acid,  and  tkl 
silica  will  be  lell  pura  and  white.  Let  it  be  H'ash«l,  igaiied) 
and  its  weight  (iscertaine<I. 

2.  SlOliet  insolul/le  in  diluied  nitric  and  muriatic  Acidi. 

Tliese  Ktones  must  be  reduced  to  powdci-,  obscrviiif;  the  no- 
tions given  in  page  529. 

(I)  Let  100  grains,  or  any  other  delermiiiale  (luaiitiij',  1» 
mixed  with  three  times  their  weight  of  pure  and  dry  iwUM. 
Put  the  whole  into  a  crucible  of  pure  silver,  set  in  ouc  rf 
earthenware  of  a  larger  size,  the  intcrslice  being  fdlctl  witk 
sand ;  and  add  a  little  water,"  The  crucible,  covered  »illi 
n  lid,  must  then  be  gradually  hcnlctl;  and,  as  the  nistcri^ 
swell  and  would  boil  over,  they  are  to  be  stirred  con»taal)l , 
with  a  rod  or  spatula  of  silver.  When  the  moisture  iidiMt* 
pated,  and  tiie  ma^3  lias  beeoiue  quite  dry,  raise  the  heat  m  &l 
as  can  be  done  without  melting  the  crucible,  if  uf  siliei,  sail 
continue  the  litat  during  half  an  hour,  or  an  hour. 

The  phenomena  that  occur  during  this  operation,  inilicilfi 
in  some  degree,  the  nature  of  the  mineral  under  exanilnnliob 
If  the  mixture  undergo  a  perfectly  liquid  fusion,  we  may  pre- 
fiuiiie  that  the  stone  contains  much  siliceous  eartli ;  if  it  remaJH 
pasty  and  opaque,  the  other  earths  are  la  be  susix-ctetl ;  ini 
lastly,  if  it  have  the  form  of  a  dry  powder,  (he  bulk  of  wliic^ 
has  considerably  increased,  it  is  a  sign  of  the  predoniiiuiKt 
of  alumina. 

If  the  fused  moss  have  s  dark  green  or  brownish  colour,  At 


*  KUprorh  eSecled  tlie  dUiiitcgrolkm  uf  corandiim  (ifhicb  rmitud  tl*** 
lUCCMiive  fuiioni  wilh  alkali)  bj  adding  to  llie  pondered  ■tooe,  in  a  crl» 
bU,  a  MJution  of  pure  potaasa,  bailing  to  dr^neaa,  and  putliiug  the  niW* 
to  fuiion.  Tliu  alLali  mutt  b«  p«rfectJj  cnualJc,  and  muit  ha*a  \ttmf^ 
fied  by  ulcuhol.  A  platinum  crucible  i*  unfit  for  this  puriNMej  u  it  '»(>*• 
Toded  bj  piira  nlknll^. 
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of  oxide  of  iron  is  announced ;  a  bright  green  indi- 
atet  manganese,  especially  if  the  colour  be  imparted  to  water ; 
lad  a  yellowish  green  the  oxide  of  chrome. 

(«)  The  disintegration  of  stones,  consisting  chiefly  of 
domina,  is  not  easily  efiected,  however,  by  means  of  potassa. 
Iff.  Chenevix  found  (Philosophical  l*ransactions,  1802}  that 
ninerals  of  this  class  are  much  more  completely  decomposed 
li^  fusion  with  calcined  borax.  One  part  of  the  mineral  to  be 
eiainined,  reduced  to  a  very  fine  powder,  and  mingled  with 
8^  or  three  times  its  weight  of  glass  of  borax,  is  to  be  exposed 
to  a  strong  heat  for  two  hours  in  a  crucible  of  platinum,  set 
in  a  larger  earthen  one,  and  surrounded  by  sand.  The  cru- 
cible and  its  contents,  which  adhere  very  strongly  to  it,  are 
tlien  to  be  digested,  for  some  houi-s,  with  muriatic  acid,  by 
which  a  perfect  solution  will  be  accomplished.  The  whole 
of  the  earthy  part  k  then  to  be  precipitated  by  8ub*carbonate 
tf ammonia;  and  the  precipitate,  afler  being  well  washed,  is 
Id  be  re^issolved  in  muriatic  acid.  By  this  means,  the 
Iwrax  is  separated.  The  analysis  is  afterwards  to  be  conducted 
searly  in  the  manner  which  will  presently  be  described. 

(K)  The  crucible,  being  removed  from  the  fire,  is  to  lie 
wdl  cleaned  on  the  outside,  and  set,  with  its  contents,  in  a 
porcelain  or  glass  vessel,  filled  with  hot  water,  which  is  to 
be  stirred  and  renewed,  occasionally,  till  the  whole  mass  is 
detached*  The  water  dissolves  a  considerable  part  of  the 
toonpound  of  alumina  and  silica  with  potassa,  and  even  the 
^htAcf  if  added  in  sufficient  quantity.  During  cooling,  a  se* 
diment  occasionally  forms,  in  the  filtered  liquor,  of  a  brown- 
ish colour,  which  is  oxide  of  manganese.     (See  Klaproth^ 

i.  8459  L) 

(L)  To  the  solution  (K),  and  the  mass  that  has  resisted 
Hdiition,  in  the  same  vessel,  add  muriatic  acid.  The  first  por- 
tions of  acid  will  throw  down  a  flocculent  sediment,  which 
Consists  of  the  earths  that  were  held  dissolved  by  the  alkali. 
Then  an  effervescence  ensues;  and  a  precipitate  occurs,  which 
k  no  sooner  formed  than  it  is  dissolved.  Lastly,  the  portion 
that  resisted  the  action  of  water  is  taken  up,  silently  if  it  con- 
tain alumina,  and  with  efiervescence  if  it  be  carbonate  of  lime; 

(M)  From  the  phenomona  attending  the  action  of  muriatic 
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acidf  some  indications  may  be  derived.  IF  the  solotlon  amime 
a  purplish  red  colour,  it  is  a  sign  of  oxide  of  manganeie ;  an 
orange  red  shows  iron;  and  a  gold  yellow  colour  betokeoi 
elirome.  Freedom  from  colour  proves  that  the  atone  con- 
tains no  metallic  ingredients. 

(N)  When  the  solution  is  complete,  it  is  to  be  evaporated 
to  dryness  in  a  glass  vessel ;  but,  if  any  thing  resist  aolntion, 
ift  must  be  heated,  as  before  (I),  with  potassa.  When  the 
liquor  approaches  to  dryness,  it  assumes  the  form  of  a  jdly^ 
and  must  then  be  diligently  stirred  till  quite  dry. 

(O)  (a)  Let  the  dry  mass  be  digested,  at  a  gentle  heat,  with 
three  or  four  pints,  or  even  more,  of  distilled  water,  and  filtered. 
(i)  Wash  what  remains  on  the  filter,  repeatedly,  till  the  wadi^ 
ings  cease  to  precipitate  the  nitrate  of  silver,  and  add  the 
washings  to  the  filtered  liquor,  (c)  Let  the  residue  on  the 
filter  be  dried  and  ignited  in  a  crucible.  Its  weight  shows  the 
quantity  of  silica.  If  pure,  it  should  be  perfectly  white;  but  if 
ii  has  any  colour,  an  admixture  of  some  metallic  oxide  is  indi« 
oated.  From  this  it  may  be  purified  by  digestion  in  muriatic 
acid,  and  may  again  be  washed,  ignited,  and  weighed. 

(P)  The  solution  (O),  which,  owing  to  the  addition  of  the 
washings,  will  have  considerable  bulk,  is  next  to  be  evaporated> 
till  less  than  a  pint  remains ;  carbonate  of  potassa  must  then  be 
added,  and  the  liquor  must  be  heated  during  a  few  minutes. 
Let  the  precipitate,  occasioned  by  the  alkali,  subside;  deosnt 
the  liquor  from  above  it,  and  wash  the  sediment,  repeatedly, 
with  warm  water.     Let  it  then  be  put  on  a  filter  and  dried. 

(Q)  The  dried  powder  may  contain  alumina,  lime,  mag* 
nesia,  baryta,  or  strontia;  besides  metallic  oxides,  which  may 
be  separated  from  each  other  by  the  rules  already  given. 

(R)  It  may  be  proper  to  examine  the  solution  (P)  after  the 
addition  of  carbonate  of  potassa,  in  order  to  discover,  whether 
any  and  what  ocid  was  contained  in  the  stone. 

(e)  For  this  purpose,  let  the  excess  of  alkali  be  neutraliied 
by  muriatic  acid,  and  the  liquor  filtered. 

(b)  Add,  to  a  little  of  this  liquor,  a  solution  of  muriated 
baryta.  Should  a  copious  precipitate  ensue,  which  is  inso* 
luble  in  diluted  muriatic  acid,  the  presence  of  sulphuric  add  is 
detected.    And  if  much  baryta,  strontia^  or  lime,  has  been 
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fiiuod  ia  the  precipitate  (Q),  we  may  infer  the  presence  of  a 
Milpbate  of  one  of  these  three  earths. 

(c)  If  on  mixing  the  liquid  (a)  with  the  solution  of  muriated 
baiytaf  a  precipitate  should  ensue  which  is  soluble,  without 
^lervescence,  in  muriatic  acid,  the  phosphoric  acid  n^ay  be 
known  to  be  present;  and,  if  lime  be  also  found,  th^  phos* 
pbate  of  lime  is  indicated. 

{d)  To  a  portion  of  the  liquor  (a)  add  a  solution  of  muriate 
oflime  till  the  precipitate,  if  any,  ceases.  Collect  this  preci- 
pitate,  wash  it,  dry  it,  and  pour  on  it  a  little  sulphuric  acid. 
Should  acid  fumes  arise,  the  fluoric  acid  may  be  suspected. 
To  ascertain  its  presence  decisively,  distil  a  portion  of  the 
precipitate  with  half  its  weight  of  sulphuric  acid.  The  fluoric 
aoid  will  be  known  by  iu  efiecis  on  the  retort,  and  by  its  other 
properties. 

(S)  The  method  of  separating,  from  each  other,  the  metal- 
lie  oxides,  usually  found  as  the  colouring  ingredients  of  stonesi 
r^nains  to  be  accomplished. 

(it)  Let  the  precipitate,  by  ferro-cyanate  of  potassa  (D),  be 
exposed  to  a  red  heat,  by  which  the  prussic  acid  will  be  de- 
composed* The  oxides  thus  obtained,  if  insoluble  in  dil|it# 
Bitric  or  muriatic  acid,  will  be  rendered  soluble,  by  again 
calcining  them  with  the  addition  of  a  little  wax  or  oil. 

(£)  Or  the  process  may  be  varied  by  omitting  the  precipl* 
tation  by  ferro-cyanate  of  potassOf  and  proceeding  as  directed 
(E).  The  oxides  will  remain  mixed  with  the  magnesia  and 
lime,, and,  after  the  addition  of  sulphuric  acid,  will  be  held 
ia  solution  by  tlmt  acid,  along  with  magnesia  only. 

In  both  cases  the  same  method  of  proceeding  may  be 
adopted;  ^uch  variation  only  being  necessary  as  is  occasioned 
by  the  presence  of  magnesia  in  the  latter. 

(c)  '1  o  the  solution  (a  or  ^),  containing  sevei*al  metallic 
oxidesu  dissolved  by  an  acid,  add  a  solution  of  bi-carbonate  of 
potassa,  as  long  as  any  precipitation  ensues.  This  will  aepa^ 
rale  the  oxides  of  iron,  chrome,  and  nickel ;  but  the  oxide  of 
manganese  and  the  magnesia,  if  any  be  present,  will  remaia 

dissolved* 

Jf  a  small  quantity  of  oxide  of  manganese  be  suspected  in 
an  oxide  of  iron,  it  may  be  detected  by  mixing  the  oxide  with 
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nitre,  and  throwing  the  mixture  into  a  rccl-hot  crucible.  Man- 
ganese will  be  indicated  by  an  amethystine  red  tinge  in  the 
solution  of  this  nitre. 

To  separate  the  oxides  of  iron  and  manganese  from  each 
other,  Gehlen  recommends  succinic  acid,  which  is  preferred, 
also,  by  Kiaproth  and  Bucholz.  Beneelius  employs  for  tbb 
purpose  the  compounds  of  benzoic  acid.  Dr.  John  advises 
the  addition  of  oxalate  of  potassa  to  the  solution  of  the  two 
oxides,  first  rendered  as  neutral  as  possible ;  but  Bucholz  finds 
that  this  process  is  imperfect,  and  that  the  oxalates  precipitate 
manganese  as  well  as  iron. 

Mr.  Hatchett  has  suggested  a  better  method  of  separating 
iron  from  manganese.     The  solution  of  the  ore,  made  by  sul* 
phuric  acid,  and  filtrated,  must  be  diluted  with  three  or  four 
pints  of  cold  distilled  water.     To  this  liquid,  pure  ammonia 
must  be  gi*adually  added,  till  it  slightly  restores  the  blue  co- 
lour of  reddened  litmus  paper.     The  oxide  of  iron  will  thus 
be  separated,  and  will  remain  on  the  filter  upon  which  the 
liquor  is  thrown;    and  the  oxide  of  manganese    will   pass 
through  it,  in  a  state  of  solution,     llie  oxide  of  manganese 
may  be   obtained   by  evaporation  to  dryness,    and  by  cal- 
dninnr  in  a  heat  sufficient  to  expel  the  muriate  of  ammonia.* 
The  advantage  of  this  method  is,  that  the  triple  sulphate  of 
ammonia  and  manganese,  being  very  soluble  in  water,  is  not 
affected  by  an  excess  of  alkali,  so  that  no  nicety  is  required  in 
the  addition  of  the  ammonia.     At  the  same  time,  Mr.  Faraday 
observes,  it  is  necessary  that  there  be  sulpliuric  acid  enough 
present  to  form,  with  the  ammonia  and  the  manganese^  the 
soluble  triple  salt.     If  to  a  solution  containing  much  manga- 
nese and  little  iron,  excess  of  ammonia  be  added,  manganese 
will  be  thrown  down  as  well  as  iron,  because  the  sulphuric 
acid  present  is  not  sufficient  to  combine  with  the  manganese 
and  the  ammonia,  in  the  proportions  required  to  convert  the 
whole  of  the  manganese  into  a  triple  salt.     In  such  a  case, 
sulphuric  acid  ought  to  be  added  to  the  solution  before  the 
ammonia.      When    the   proportion    of  iron   is   greater,  of 
course  there  is  more  sulphuric  acid  present  to  combine  with 


*  Thomson's  Annals,  v.  S43. 
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the  aininonia,  and  lets  additional  acid  is  required.  (Quarterly 
Joamal,  vi.  154.) 

Some  otiier  methods  of  separating  iron  and  manganese,  in 
addition  to  that  of  Mr.  Hatchett,  have  been  described  by  Mr. 
Faraday  in  the  same  volume  of  the  Quarterly  Journal,  p.  357. 
One  of  the  most  easy  and  simple  seems  to  be,  to  throw  down 
the  oxides  (the  iron  being  peroxidizcd),  together  from  their 
lolntion ;  to  wash  them  by  decantation ;  and  to  digest  them  in 
niariate  of  ammonia  with  a  little  sugar.  'Hie  manganese, 
both  protoxide  and  peroxide,  will  be  dissolved,  and  the  oxide 
of  iron  will  remain. 

Of  these  methods  of  separating  iron  and  manganese,  it  is 
probable  that  Mr.  Herschell  was  not  aware,  when  (in  a  paper 
pablished  in  the  Annals  of  Philosophy,  N.  S.  iii.  95),  he  con- 
demned as  inefibctual  all  methods  antecedent  to  the  following^ 
which  be  has  himself  proposed.    The  solution  containing  iron 
iito  be  brought  to  the  maximum  of  oxidation,  capable  of 
bang  communicated  by  boiling  with  nitric  acid.     It  is  then 
to  be  just  neutralized,  while  in  a  state  of  elulliliony  by  carbo- 
sate  of  ammonia.  Tlie  whole  of  the  iron  to  the  Inst  atom  is  pre- 
dpitated,  and  the  whole  of  the  other  metals  present  (supposed 
to  be  manganese,  cerium,  nickel,  and  cobalt),  remains  in  so- 
lution.   To  insure  success,  it  is  necessary  that  no  oxide  of 
aianganese  or  cerium,  above,  the  first  degree  of  oxidation, 
ihoold  be  present;  otherwise  it  will  fall  down  along  with  tlie 
iron.     In  performing  the  process,  the  metallic  solution  should 
Hot  be  too  concentrated,  and  must  be  agitated  the  whole  time, 
capecially  towards  the  end ;  and  when  the  tests  of  alkalis  are 
feebly  affected,    the  ammoniucal  carbonate  must   be   added 
tlowly  and  in  a  diluted  state.     Tlie  precipitation  turns  on  a 
peculiarity  in  the  peroxide  of  iron,  by  virtue  of  which  it  is 
incapable  of  existing  in  a  neutral  solution  at  a  l)oiling  tempe- 
rature.    It  may  be  made,  Mr.  Herschell  finds,  the  principle 
of  a  method  of  detecting  the  minutest  quantity  of  other  metals 
in  union  with  iron,  for  example,  of  nickel,  titanium,  and  man- 
ganese, but  not  of  uranium. 

id)  Magnesia  and  oxide  of  manganese  may  be  separated  by 
adding  to  their  solution  (r)  the  hydro-sulphuret  of  potassa,* 


•  Sec  vol.  i.  page  370. 
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wliteb  will  throw  down  the  manganese,  but  not  the  magnetk. 
The  precipitated  manganese  must  be  calcine4  with  the  accm 
of  air  and  weighed.  The  magnesia  may  afterward  be  sepa- 
rated by  solution  of  pure  potassa,  or  of  the  siibcarbonalt^  at 
a  boiling  beat,  and,  when  precipitated^  must  be  washed^  dried, 
and  calcined. 

(e)  The  oxide  of  chrome  may  be  separated  frooi  those  of 
iron  and  nickel,  by  r^eatedly  boiling  the  three  to  drj&esi^ 
with  nitric  acid.  This  will  acidify  the  chrome^  and  will  ran* 
der  it  soluble  in  pure  potassa,  which  docs  not  take  up  the 
other  oxides.  From  this  combination  with  potasaa  the  chromic 
€lxide  may  be  detached  by  adding  muriatic  acid  and  eTapo« 
rating  the  liquor  till  it  assumes  a  green  colour.  Th^,  m 
adding  a  solution  of  pure  potassa,  the  oxide  of  chrpme  will 
fall  down,  because  the  quantity  of  oxygen,  required  for  its 
acidification,  has  been  detached  by  the  muriatic  acid. 

(y*)  The  oxides  of  iron  and  nickel  are  next  to  be  diasolvcd 
in  muriatic  acid;  and  the  solution  evaporated  to  drynesSi 
Liquid  ammonia  is  then  to  be  added,  which  acts  on  the  oxide 
of  nickel  only.  The  solution  may  be  again  cTaporated  to  diy^ 
ness,  which  will  render  the  oxide  of  iron  more  dense,  and 
more  easily  separable  from  the  soluble  portion.  A  finesh  addi^ 
tion  of  ammonia  will  now  readily  dissoUe  the  nickel,  IcaTiog 
the  oxide  of  iron,  which  must  be  collected  on  a  filter,  dried, 
and  weighed.  If  highly  oxidized,  it  must,  before  weigbin|^ 
be  calcined  wilh  wax,  in  a  crucible.*  The  oxide  of  nickel  r^ 
mains  dissolved  by  the  excess  of  ammonia,  to  which  it  imparts 
a  blue  colour.  It  may  l>e  separated  by  evaporating  the  sota* 
tion  to  dryness  and  dissolving  the  salt.t 

(g)  Oxide  of  nickel  may  be  separated  from  oxide  of  copper, 
when  contained  in  the  same  solution,  by  immersing  in  the  so* 
lution  a  bar  of  zinc,  which  will  precipitate  the  latter  metal 
only. 

(h)  From  the  ammoniaca!  solution  of  nickel  and  cobalt,  Mr. 

*  Dr.  Marcet  alleges  that  after  this  operation,  ths  iron  stiil  reimiinB  ia 
the  itats  of  peroxide.    Geolog.  Transact,  i. 

t  For  an  example  of  the  separation  of  nickel  from  iron,  tee  Klaprodi's 
Contributions,  vol.  i.  page  422 ;  where,  also,  and  page  428,  is  an  instnocB 
of  the  testing  of  nickel  for  copper. 
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Pbillipg  finds  that  the  fotmet  metal  is  imfnediatelj  pr^ipitated 
by  potaasA  or  soda^  which  very  dowly  and  sparingly  throw 
dowti  tobalt  from  the  same  solvent.  Laugier  has  proposed  A 
method  of  separating  nickel  from  cobalt)  founded  on  the  soltl* 
biiity  of  the  triple  oxalate  of  ammonia  and  cobalt  in  wiiter< 
The  mixed  oxalates  of  nickel  and  cobalt,  precipitated  by  an 
alkaline  oxalate,  are  to  be  placed  in  diluted  ammonia,  which 
dissolves  both.  The  solution  being  exposed  to  the  air^  in 
order  that  the  excess  of  ammonia  may  escape,  the  salt  of 
niekel  precipitates,  while  that  of  cobalt  remains  in  solution. 

The  analysis  of  the  stone  is  now  completed,  and  its  acou«- 
racy  may  be  judged  by  the  correspondence  of  the  weight  of 
the  component  parts  with  that  of  the  stone  originally  sob^ 
milted  to  experiment. 

It  may  be  proper  to  observe,  that  certain  stones,  which  arfe 
not  soluble  in  diluted  nitric  and  muriatic  acids,  may  be  de^ 
composed  by  an  easier  process  than  that  described  (A). 
Among  these  are  tlie  compounds  of  baryta,  strontiai  and  lime, 
with  acids,  chiefly  with  the  sulphuric,  fluoric,  and  phosphoric^ 
The  sulphates  of  baryta,  strontia,  and  lime ;  the  fluate  of 
lime;  and  the  phosphate  of  lime;  are  all  found  native  in  tht 
earth,  and,  except  the  last,  are  all  insoluble  in  the  above^men* 
tioned  acids.  They  may  be  kftidwn  generally  by  their  external 
characters.  The  compounds  of  baryta  and  strontia  have  a 
qiecific  gravity  greater  than  that  of  other  earths,  but  inferior 
to  that  of  metallic  ores.  They  have,  fi'equently,  a  regular  or 
crystallized  form,  are  more  or  less  transparent,  have  some 
lustre,  and  their  hardness  is  such  as  does  not  prevent  their 
yielding  to  the  knife.  The  combinations  of  lime,  with  the 
above-mentioned  acids,  are  distinguished  by  similar  charac« 
ters,  except  that  they  are  much  less  heavy.  To  the  minera- 
logist, the  outward  form  and  characters  of  these  stones  ate 
sufficient  indications  of  their  composition. 

Instead  of  the  fusion  with  alkali,  an  easier  process  may  be 
recommended.  Let  the  mineral  under  examination  be  reduced 
to  powder,  and  be  digested,  in  nearly  a  boiling  heat,  during 
one  or  two  hours,  with  three  or  four  times  its  weight  of  cai^- 
bonate  of  potassa,  and  a  sufficient  quantity  of  distilled  water. 
The  acid,  united  with  the  earth,  will  quit  it  and  pass  to  tbo 
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potassay  while  the  carbonic  acid  will  leave  the  alkali  and  com- 
bine with  the  earth.  We  shall  obtain,  therefore,  a  compound 
of  the  acid  of  the  stone  with  potassa,  which  will  remiun  in  so- 
lution, while  the  carbonated  earths  will  form  an  insoluble  pre- 
cipitate; but,  as  already  stated  (vol.  i.  p.  58t),  the  decompo* 
sition  is  scarcely  ever  complete.  It  is  necessary,  therefore^  to 
decant  the  alkaline  liquor ;  to  edulcorater  the  precipitate  with 
water;  then  to  dissolve  the  earthy  carbonates  by  diluted  mu- 
ridtic  or  nitric  acids ;  and  to  treat  the  portion  which  resists 
solution  with  a  fresh  quantity  of  sub-carbonato  of  potassa. 
In  this  way  we  may  proceed,  till  boiling  with  mild  alkalis 
produces  no  more  earthy  carbonate.  The  alkaline  solutioo 
may  be  assayed  to  discover  the  nature  of  the  acid,  according 
to  the  formula  (1) ;  and  the  earths,  dissolved  by  the  acid  which 
has  been  applied  to  them,  may  be  separated  from  each  other 
by  the  processes  (B),  &.c. 

(T)  In  the  foregoing  rules  for  analysis  I  have  omitted  Uie 
mode  of  detecting  and  separating  g/t/ci//(7,  because  this  earth 
is  of  very  rare  occurrence.  When  alumina  and  glucina  arc 
present  in  a  mineral,  they  may  be  separated  from  the  prcci- 
pitate  (E  a)  by  pure  |X)tassa,  which  dissolves  both  these  earths. 
A  sufficient  quantity  of  acid  is  then  to  be  added  to  saturate 
the  alkali ;  and  carbonate  of  ammonia  is  to  be  poured  in,  till  a 
considerable  excess  of  this  carbonate  is  manifested  by  the 
smell.  The  alumina  is  thus  separated,  but  the  glucina,  being 
soluble  in  the  carbonate  of  ammonia,  remains  dissolved,  and 
may  be  precipitated  by  boiling  the  solution. 

(U)  Zirconia  may  be  separated  from  alumina,  by  boiling 
the  mixed  earths  with  pure  soda,  which  acts  only  on  the  lat- 
ter.* From  an  acid  solution  containing  both  earths,  the  alu- 
mina is  thrown  down  by  saturated  carbonate  of  potassa^  which, 
when  added  in  excess,  re-dissolvcs  the  zirconia.  Glucina  and 
zirconia,  or  glucina  and  yttria,  may  be  separated,  when  mixed 
together  in  solution,  by  fcrro-cyanatc  of  potassa,  which  has  no 
action  on  glucina,  but  precipitates  the  two  other  earths. 

(V)  To  separate  yttria  from  alumina,  precipitate  both  earths 
from  a  solution  containing  them,  by  pure  ammonia;  boil  tlie 
precipitate  in  a  solution  of  pure  soda,  which  chiefly  takes  up 


*  Klaproth,  toI.  ii.  page  213, 
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■lamina;  neutralize  the  solution  with  sulphuric  acid,  and  add 
6Biix>nate  of  loda  to  the  solution,  brought  to  the  boiling 
temperature.  A  precipitate  will  ensue,  consisting  of  alumina  j 
with  some  yttria.  To  separate  the  latter  earth,  dissolve  in 
nuriatic  acid,  and  add  an  excess  of  carbonate  of  ammonia; 
which  takes  up  only  the  yttria.  To  ensure,  still  farther,  the 
parity  of  the  alumina,  dissolve  the  residue  in  an  excess  of 
solphurtc  acid,  add  a  small  portion  of  sulphate  of  potassa, 
sod  crystallize  the  solution.  The  crystals  of  alum,  that  are 
produced,  contbin  one*tcnth  of  alumina. 

(W)  The  presence  of  potassa  (which  has  lately  been  disco<* 
fired  in  some  stones)  may  be  detected  by  boiling  the  pow« 
dcred  mineral,  repeatedly  to  dryness,  with  strong  sulphuric 
scid.  Wash  the  dry  mass  with  water,  add  a  little  excess  of 
sod,  and  evaporate  the  solution  to  a  smaller  bulk.  If  crystals 
of  slum  should  appear,  it  is  an  indication  of  potassa,  because 
sliun  can  never  be  obtained  in  a  crystallized  form,  without  tlie 
sddition  of  an  alkali. 

Bat  since  a  mineral  may  contain  potassa,  and  little  or  no 
shmina,  in  which  cose  no  crystals  of  alum  will  appear,  it  may 
be  necessary,  in  the  latter  case,  to  add  a  little  alumina  along 
vith  the  sulphuric  acid.  Or  the  stone  may  be  so  hard  as  to 
resist  the  action  of  sulphuric  acid ;  and  it  will  then  be  neces- 
isrj  to  fuse  it  [in  the  monner  directed  (I)]  with  soda,  which 
hu  also  a  solvent  power  over  alumina  and  silica.  The  fused 
Vflss  is  to  be  dissolved  in  water,  and  supersaturated  with  sul- 
phuric acid.  Evaporate  to  dryness,  re-dissolve  in  water ;  and 
flter,  to  separate  the  silica.  Evaporate  the  solution,  which 
will  first  afford  crystals  of  sulphate  of  soda,  and  aflerwards 
^'sulphate  of  potassa,  should  the  latter  alkali  be  contained  in 
tbe  mineral. 

Klaproth  first  discovered  potassa  in  leucite,  on  summing  up 
^he  results  of  its  analysis,  which  gave  a  considerable  loss  ef 
^ight.  By  boiling  the  stone  widi  diluted  muriatic  acid,  and 
•^•poration,  he  obtained  crystals  of  muriate  of  potassa.  An- 
^^r  proof  of  the  presence  of  potassa  was,  that,  when  sul- 
phuric acid  was  boiled  with  it,  the  solution  gave  crystals 
tf  alum,  to  which  potassa  is  essential.  He  also  boiled  the 
stone  with  muriatic  acid^  and,  aller  dissolving  the  muriate  of 
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aluaiiua  by  alcohol,  muriate  of  potossa  I'cnitiined.  The  vol- 
canic Icucite  conlnincd  less  potnsHi  than  other  khids.  The 
same  alkali  he  also  detectetl,  afterwards,  in  lepidolitc. 

The  potassa,  contained  in  sulphate  of  alumina,  may  he  sepa- 
rated from  that  earth,  by  adding  a  solution  of  pure  barjia 
long  as  any  precipitation  is  produced.  Tiie  alumina  anil  a 
phale  of  baryta  will  iiiil  down  loyethcr,  and  ihc  potn«M  oil] 
remain  in  solntion.  Its  presence  may  be  known  by  the  taU, 
enumerated  at  page  51^. 

In  certain  minerals  that  gelatinale,  when  pulvcrizetl  and  ext 
posed  to  the  action  of  muriatic  acid,  Dr.  WoUaslon  hn 
pointed  out  an  easy  method  of  detecting  alkalis.  Expose  A» 
gelatinous  mass  in  a  watch  glass  to  a  temperature  not  exceed* 
ing  that  of  boiling  water,  until  perfectly  dry.  In  this  state,  t 
potassa  or  soda  be  present,  small  cubic  crystals  are  geaend^ 
disco vei'.ible  with  the  assistance  of  a  lens.  In  this  way,  Dn, 
Clarke  was  enabled  to  discover  potassa  in  Gehleiiitc.  (AiMi 
of  Phil.  xiv.  4..50.} 

X.  Soda  may  be  detected  in  a  mineral  by  the  foUowiiifi  n* 
pertments : — Let  the  powdered  rtone  he  treated  with  MtlphviB' 
Rcid,  as  in  (U) ;  \vnsh  off  the  solulion,  and  add  pure  niiinionili 
till  the  precipitation  ceases  ;  then  fitter,  evaporate  the  solulitn 
to  dryness,  and  raise  the  heat  so  as  to  expel  the  sulplmie  of  ] 
ammonia.  The  sulphate  of  soda  will  remain,  and  niRrbc  ' 
known  by  its  appropriate  cliarnctei-s. 

Soda  was  first  found,  liy  Klaproth,  in  chrysolite,  in  the  Urpt 
proportion  of  36  per  cent.  This  analysis  was  confirninl  br 
Vauquelin,  whose  mode  of  separating  soda  is  tlie  one  wiiichl 
now  recommend.  Both  the  fixed  alkalis  have  since  ben 
frequently  discovered  in  native  minerals;  viz.  soda  in  Iwaiil 
(Klaproth,  ii.  105);  in  pitch-stone  (207) ;  .^nd  in  kling-ilon^ 
nmouptting  to  8  percent.  (182).  The  same  skilful  analyst  b» 
found  potassa  in  Hungarian  pearl-stone  {'^6'J);  and,  occoo' 
panied  by  soda,  in  pumice  (20). 

A  method  has  been  proposed  by  Sir  H.  Davy,*  for  so*- 
lyzing  stones,  containing  either  of  the  fixed  alkalis,  by  taetW 
oflheboracic  acid.  The  processis  suIBcientlysimpIe.  Oncbmi- 

*  Pliibsopliicnl  Trniis.iction3,  I80i;  or  Nicholi^ii's  Jourual,  »iii.  Bi. 
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dred  grains  of  tiic  stone  to  be  examined  must  be  fused,  during 
half  an  hour,  at  a  strong  red  iieat,  wiih  200  grains  of  boracic 
acid.  An  ounce  and  a  half  of  nitric  acid,  diluted  with  seven 
or*eight  parts  of  water,  must  be  digested  on  the  mass,  till  the 
whole  has  been  decomposed.  Tiie  fluid  must  be  evaporated, 
till  its  quantity  is  reduced  to  an  ounce  and  half,  or  two  ounces. 

If  the  stone  contain  silica,  this  earth  will  be  separated  by 
the  processes  of  solution  and  evaporation.  It  must  be  collected 
OD  a  filter,  and  washed  well  with  water,  till  the  boracic  acid^ 
and  all  the  saline  matter,  are  separated.  The  fluid,  and  all 
thai  has  passed  through  the  filter,  must  be  evaporated  to  about 
half  a  pint;  then  saturated  with  carbonate  of  ammonia  ;  and 
boiled  with  an  excess  of  that  salt,  till  all  the  materials  that  it 
contains,  capable  of  being  precipitated,  have  fallen  to  the 
bottom  of  the  vessel.  The  solution  must  then  be  passed 
through  a  filter,  which  retains  the  earths  and  metallic  oxides* 
It  must  then  be  mixed  with  nitric  acid,  till  it  tastes  strongly 
90ur,  and  evaporated  till  the  boracic  acid  appears  free.  The 
fluid  must  next  be  evnpurnted  to  dryness  ;  when  by  exposure 
to  a  heat  of  450°  Fahrenheit,  the  nitrate  of  ammonia  will  be 
decomposed,  and  the  nitrate  of  potassa  or  soda  will  remain  in 
the  vessel. 

The  remaining  earths  and  metallic  oxides  are  separated  from 
each  other  by  common  processes;  viz.  alumina  by  solution  of 
potassa ;  lime  by  sulphuric  acid  ;  oxide  of  iron  by  succinate  of 
ammonia ;  oxide  of  manganese  by  hydro-sulphuret  of  potassa ; 
and  magnesia  by  pure  soda. 

Berard  has  found  that  nitrate  of  lead  may  be  advantageously 
employed  in  the  analysis  of  stones  that  contain  silicated  alkali. 
One  part  of  the  stone  very  finely  powdered  is  to  be  intimately 
mixed  with  two  parts  of  finely  powdered  nitrate,  and  one  of  car* 
bonate,  of  lead.  The  whole  is  to  be  put  into  a  platina  crucible^ 
which  is  to  be  placed  in  another  crucible  and  covered  with  a  ]i(\ 
A  red  heat  is  to  be  applied  for  a  quarter  of  an  hour.  The  fusion 
takes  place  without  effervescence,  and  a  yellowish  or  brownish 
mass  is  found  in  fusion  on  removing  the  cover.  This  is  to  be 
poured  into  water,  the  coldness  of  which  causes  it  to  split  into 
small  fragments  that  are  easily  attacked  by  acids,  of  which 

2  K  2 
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nitric  neiti  is  llie  one  l)est  adapted  to  the  purjiosp.     Willi  ilik 
scid,  it  is  to  be  boiled,  and  occnsionally  stirred  and  brolim 
down.     The  silex  remains  in'  a  viscid  slate.     The  oxide  of 
lead  is  precipitated  hy  Biitphuric  acid,  added  till  walpr  »tti< 
rated  with  sulphurctcd  hydrogen   eauses  no   change.      The 
liquid  is  boiled  with  carbonate  ornmmonta,  and  the  precipilatB 
thus  formed  anolyzed  by  common  methods.     Lastly,  the  Jiqaid  | 
IB  evaporated   to  dryness;  the  nulls    calcined    in  a  plntinua 
crucible;  and  the  residuum  collected  and  weighed.     Tliiirt* 
sidue  contains  the  alkali  originally  present  in  the  minernl  in 
the  state  of  a  sulphate,   and  almoaL  always  sulphate  of  umj^ 
nesia.     It  may  be  analyzed  by  processes  that  have  bem  almd^ 
described,  or  by  others  contrived  by  Dertbier,  and  detuilnl  io 
bis  paper,  (Ann.  dc  Chim.  ct  de  Phys.  xvii.  Sg ;  or  QtinrleHj 
Journal,  xii.  169.) 

Table  of  Subslancsi  which  may  he  erpecfed  in  Earlki  e*i 
S:ones,  and  References  Io  Ike  Means  of  ieparaling  them  ft* 
each  other. 

Acid,  fluoric,  R.  d. 

phosphoric,  II.  c. 
sulphuric,  K.  I: 
Alumina  from  lime  and  iiiiigiicsia,  E. 
its  quantity,  E.  c. 
from  magnesia,  G. 
silicn,  H.  a. 
tnctallic  oxides,  H.  a. 
glucina,  T. 
Baryta  and  slronlia  from  otlier  earths,  B. 

from  strontia,  C. 
Chromium  from  manganese,  &c.  S.  c. 
iron  and  nickel,  S.  e. 
Earths  from  oxides,  D. 
Glucina  from  alumina,  T. 
Iron  from  manganese,  S.  n, 

nickel,  S./. 
Lime  from  magnesia,  F. 
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Lime  from  alumino,  E.  l. 

its  quantily,  F. 
Magnesia  from  lime,  P. 

alumina,  G. 
manganesci  S.  d. 
its  quantity,  F. 
Manganese^  indications  of,  M« 

from  iron,  chrome,  and  nickel,  S.  c. 
magnesia,  S.  d. 
Nickel  from  manganese,  S.  e. 

iron,  S./.  from  copper,  S.  g.  from  cobalt,  S.  A. 
OxideSi  metallic,  from  earths,  D. 
Potassa  from  earths  and  oxides,  W. 
Silica  from  alumina,  H.  a» 

earths  in  general^  O.  c. 
oxides,  H.  b. 
Soda  from  earths  and  oxides,  X. 
SironiiOf  see  Baryta. 
Yiiria  from  alumina,  &c.  V. 
Zirconia  from  alumina,  &c.  U. 

Art.  4. — Analysis  of  Inflammable  Fossils. 

The  exact  analysis  of  inflammable  fossils  is  seldom  neces* 
sary  in  directing  the  most  beneficial  application  of  them.  It 
may  be  proper,  however,  to  offer  a  few  general  rules  forjudge 
ing  of  their  purity. 

I. — Sulphur. 

Sulphur  should  be  entirely  volatilized  by  distillation  in 
a  glass  retort.  If  any  thing  remain  fixed,  it  must  be  con- 
sidered as  an  impurity,  and  may  be  examined  by  the  preced- 
ing  rules. 

Sulphur,  also,  should  be  totally  dissolved  by  boiling  with 
solution  of  pure  potassa,  and  may  be  separated  from  its  im« 
purities  by  this  alkali. 

Impure  sulphur,  consumed  by  burning  in  a  small  cruciblej 
leaves  a  residue  of  oxide  of  iron  and  silica. 


or  CHBMICAL  ANALYSIS.  CIUP.  XIV. 

II.— Cofl/s. 

1 .  The  propoi'lion  of  bituminous  matter  in  coni  niny  be  learnt 
by(listillnlioii,iii  nn  earthen  retort.nnd  collecting  their  products. 

2.  The  proportion  of  earthy  or  metallic  ingredients  may 
he  found,  by  burning  the  coal  with  access  of  nir,  on  a  red-hot 
iron.  What  remains  unconsiimed  must  be  consiJered  as  an 
impurity,  and  may  be  analyzed  by  the  fort^oing  rules. 

3.  The  proportion  of  carbon  may  be  asccrtaJHcd   by  ob- 
Berving  the  quantity  of  nitrate  of  potassa,  which  a  givt-n  wciglit 
of  the  coal  is  capable  of  decomposing.     For  this  purpose,  let 
SOO  grains,  or  more,  of  perfectly  pure  nitre  be  melted  in  ■ 
crucible,  nnil,  when  red-hot,  let  the  coal  to  be  examined,  re- 
duced to  n  course  powder,  be  projected  on  the  nitre,  by  htiiU 
portions  at  once,  not  exceeding  one  or  two  grains.     loim^ 
diately,   when  the  flame,  occasioned  by  one  projection,  lui 
ceased,  let  another  be  made,  and  to  on  till  the  effect  Rueb  J 
The  proportion  of  carbon  in  the  coal  is  directly  prn|)orlionill  ■ 
to  the  <]unntity  required  to  alkalize  the  nitre.     Thus,  kIikiI 
i^.^09  of  carbon  are  required  to  alkalize  100  of  nitre,  it  nil 
be  easy  to  deduce  the  quantity  of  carbon,  in  a  given  weight  (if " 
coal,  from  the  quantity  of  nitre  which  il  ts  capable  of  dccom* 
posing.     TliiG  method,  however,  is  liable  lo  several  objeclioDEi 
which  its  inventor,  Mr.  Kinvan,  seems  fully  aware  of,* 

+.  The  most  accurate  mode  of  analyzing  the  difl'erciH  «• 
rieties  of  coal  is  by  peroxide  of  copper,  in  the  manner  d^ 
scribed  page  166;  examples  of  this  kind  of  analysis  may  Ix 
consulted  in  Dr.  Thomson's  Memoir  in  [lie  16lb  volumccf 
Annals  of  Philosophy. 

Plitmlago,  or  l-lrck-kaJ,  is  another  inftammnblc  subslana, 
wliich  it  may  sometimes  be  highly  useful  to  be  able  to  idenlilii 
and  to  judge  ofits  purity. — When  projccteil  on  nd-hotailf^ 
it  should  detonate;  ami,  on  dissolving  the  decotnpoKd  niirfi 
nn  oxide  of  iron  should  remain,  amounting  to  one-ifnih  lb< 
weight  of  the  plumbago.  Any  mineral,  therefore,  ih*' 
answers  to  ihcsc  characters,  and  leaves  a  shining  tmce  M 
paper,  like  that  of  the  black-lead  pencils,  is  plumbago. 

*  Sec  liis  KItmenti  orMincri]o|v,  vol.  ii.  p.  5|i. 
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Art.  5. — yJnalysis  of  Metallic  Ores. 

The  class  of  metals  comprehends  so  great  a  number  of 
individuals,  that  it  is  almost  impossible  to  offer  a  comprebcn- 
sive  formula  for  the  analysis  of  ores.  Ores  of  the  same  metal, 
also,  as  the  mineralizing  ingredients  vary,  require  very  dif- 
firrcnt  treatment.  Yet  some  general  directions  are  absolutely 
necessary,  to  enable  the  chemist  to  judge  of  the  composition 
of  bodies  of  this  class. 

The  ores  of  metals  may  be  analyzed  in  two  modes, — in  the 
bumid  and  the  dry  way.  The  first  is  effected  with  the  aid  of 
9cids  and  of  other  liquid  ogents,  and  may  often  be  accomplished 
by  persons  who  arc  prevented  by  the  want  of  furnaces,  and 
other  necessary  apparatus,  from  attempting  the  second. .  If 
aalpbur,  however,  be  present  in  an  ore,  which  may  be  gene* 
nlly  known  by  its  external  characters,  as  described  by  mine- 
nlogical  writers,  it  impedes  the  action  of  acids :  it  should, 
therefore,  be  separated,  cither  by  roasting  the  ore  on  a  muffle, 
or  by  projecting  it,  mixed  with  twice  or  thrice  its  weight. of 
nitre^  into  a  red-hot  crucible,  washing  off  the  alkali  after- 
vards  by  hot  water. 

It  is  hardly  possible  to  employ  a  solvent,  capable  of  taking 
op  all  the  metals.  Thus,  the  nitric  acid  does  not  act  on  gold 
or  platinum;  and  the  nitro-muriatic,  which  dissolves  these 
metals,  has  no  solvent  action  on  silver.  It  will  be  necessary, 
thn^fore,  to  vary  the  solvent  according  to  the  nature  of  the 
ore  under  examination. 

1.  For  ores  of  gold  and  platinum^  the  nitro-muriatic  acid  is 

the  most  proper  solvent.     A  given  weight  of  the  ore  may  be 

digested  with  this  acid,  as  long  as  it  extracts  any  thing.     The 

^lution  may  be  evaporated  to  dryness,  in  order  to  expel  the 

^cess  of  acid,  and  dissolved  in  water.     The  addition  of  a 

elation  of  muriate  of  tin  will  show  the  presence  of  gold  by 

*  purple  precipitate;  and  platinum  will  be  indicatetl  by  a  pre- 

^pitate,  on  adding  a  solution  of  muriate  of  ammonia.     When 

gold  and  platinum  are  both  contained  in  the  same  solution, 

^ey  may  be  separated  from  each  other  by  the  last^mentioned 

Mution,  which  throws  down  the  platinum,  but  not  the  gold. 

In  this  way  platinum  may  be  detached,  also^  from  other  xpetals* 
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When  gold  Is  contained  in  a  solution,  along  with  several 
other  metals,  it  may  be  separated  from  most  of  them  by  adding 
a  dilute  solution  of  sulphate  of  iron.  The  only  metals^  which 
this  salt  precipitates,  arc  gold,  palladium,  silver,  and  mei^ 

cury.* 

2.  For  extracting  silver  from  its  ores,  the  nitric  acid  is  the 
most  proper  solvent.  Nitric  acid,  however,  does  not  act  on 
horn-silver  ore,  containing  chloride  of  silver,  which  must  be 
decomposed  by  carbonate  of  soda.  Carbonate  of  silver  is  that 
formed,  which  readily  dissolves  in  nitric  acid.  The  stiver  may 
be  precipitated  from  nitric  acid  by  solution  of  common  salt 
Every  100  parts  of  the  precipitate,  washed,  dried,  and  ignifed, 
contain  75.5  of  silver.  But,  as  lead  may  be  present  in  the 
solution,  and  this  metal  is  also  precipitated  by  common  salt, 
it  may  be  proper  to  immerse  in  the  solution  (which  should 
not  have  any  excess  of  acid)  a  polished  plate  of  copper.  Thw 
will  precipitate  the  silver,  if  present,  in  a  metallic  form.  The 
chloride  of  silver  is  also  soluble  in  liquid  ammonia,  which  that 
of  lead  is  not.  For  examples  of  the  analysis  of  silver  ores,  tha 
reader  may  consult  Klaproth,  vol.  i.  page  55^,  &c. 

3.  Copper  ores  may  be  analyzed  by  boiling  them  with  five 
times  their  weight  of  concentrated  sulphuric  acid,  mixed  with 
one  part  of  nitric  acid,  till  a  dry  mass  is  obtained,  from  which 
water  will  extract  the  sulphate  of  copper.  .  This  salt  is  to  be 
decomposed  by  a  polished  plate  of  iron,  immersed  in  a  dilute 
solution  of  it.  The  copper  will  be  precipitated  in  a  metallic 
state,  and  may  be  scraped  off  and  weighed. 

If  silver  be  suspected  along  with  copper,  nitric  acid  only 
must  be  employed  as  the  solvent ;  and  a  plate  of  polished 
copper  will  detect  the  silver. 

The  reader,  who  engages  in  the  analysis  of  copper  orci» 
will  derive  much  advantage  from  the  examples  to  be  found  is 
Klaproth's  Essays,  vol.  i.  pages  54',  54 1,  &c ;  and  also  from 
Mr.  Chenevix's  paper  on  the  analysis  of  arseniates  of  copper 
and  iron.  Philosophical  Transactions,   1801,  or  Nicholson's 


^  Consult  Dr.  Bright*s  account  of  the  processes  follovred  nt  the  gold  and 
silver  tnioes  in  Hungary,  in  his  Trarcis  through  Hungary,  Ice. ;  or  id  ths 
Philoiophical  Magazine^  iii.  8. 
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Joumaly  SrOm  toI*  i«;  from  Vauquelin's  remarks  in  Hiomson'f 
Annaky  iv.  157;  and  from  Mr.  R.  Phillips'i  Essays  in  tho 
Quarterly  Journal,  iv.  274>,  and  vii.  100,  and  in  the  Annols  of 
Pbilosophy,  N.  S.  iii.  81,  296. 

4.  Iron  ores  may  be  dissolved  in  diluted  muriatic  acid,  or, 
if  the  metal  be  too  highly  oxidized  to  be  dissolved  by  this  acid, 
tkey  must  be  previously  mixed  with  one^eightb  of  their  weight 
of  powdered  charcoal,  and  calcined  in  a  crucible  for  one  hour. 
The  iron  is  thus  rendered  soluble. 

The  solution  must  then  be  diluted  with  10  or  12  times  its 
quantity  of  water,  previously  well  boilc<I,  to  expel  the  air,  and 
must  be  preserred  in  a  well-stopped  glass  bottle  for  six  or 
dght  days.  The  phosphate  of  iron  will,  within  that  time,  be 
precipitated,  if  any  be  present,  and  the  liquor  must  be  de^ 
cuted  oiT. 

The  solution  may  contain  the  oxides  of  iron,  manganese, 
and  zinc.  It  may  be  precipitated  by  carbonate  of  soda,  which 
will  separate  them  all.  The  oxide  of  zinc  will  be  taken  up 
by  tt  solution  of  pure  ammonia ;  distilled  vinegar  will  take  up 
die  manganese,  and  will  leave  the  oxide  of  iron  :  or  the  two 
last  oxides  may  be  separated  as  directed  page  540.  From 
the  weight  of  the  oxide  of  iron,  after  ignition,  during  a  quar« 
ter  of  an  hour,  28  per  cent,  may  be  deducted.  The  remain* 
der  shows  the  quantity  of  metallic  iron. 

5.  Tin  ores.  To  that  accomplished  analyst,  Klaproth,  we 
ove  the  discovery  of  a  simple  and  effectual  mode  of  analyzing 
tin  ores  in  the  humid  way. 

Boil  100  grains,  in  a  silver  vessel,  with  a  solution  of  600 
grains  of  pure  potossa.  Evaporate  to  dryness,  and  then  ignite, 
moderately,  for  half  an  hour.  Add  boiling  water,  and,  if  any 
portion  remain  undissolved,  let  it  undergo  a  similar  treatment. 

Saturate  the  alkaline  solution  with  muriatic  acid,  which  will 
throw  down  an  oxide  of  tin.  Let  this  be  re-dissolved  by  an 
excess  of  muriatic  acid ;  again  precipitated  by  carbonate  of 
soda;  and,  being  dried  and  weighed,  let  it,  after  lixiviation, 
be  once  more  dissolved  in  muriatic  acid.  The  insoluble  part 
consists  of  silica.  Into  the  colourless  solution,  diluted  with 
two  or  three  parts  of  water,  put  a  stick  of  zinc,  round  which 
|he  reduced  tin  will  collect.    Scrape  off  the  deposit,  wash. 
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dry,  ond  fuse  it  under  n  cover  of  tallow  in  a  capsule  placed  on 
charcoal.  A  button  of  pure  metallic  tin  will  remain  at  the 
bottom,  the  weight  of  which,  deducted  from  that  of  the  ore, 
indicates  the  proportion  of  oxygen. 

The  presence  of  tin  in  an  ore  is  indicated  by  a  purple  pre- 
cipitate, on  mixing  its  solution  in  muriatic  acid  with  one  of 
gold  in  nitro-muriatic  acid. 

6.  Lead  ores  may  be  analyzed  by  solution  in  nitric  acid, 
diluted  with  an  equal  weight  of  water.  The  sulphur,  if  any, 
will  remain  undissolved.  Let  the  solution  be  precipitated  by 
carbonate  of  soda.  If  any  silver  be  present,  it  will  be  taken 
up  by  pure  liquid  ammonia.  Wash  off  the  excess  of  am- 
monia by  distilled  water ;  and  add  concentrated  sulphuric 
acid,  applying  heat,  so  that  the  muriatic  acid  may  be  wholly 
expelled.  Weigh  the  calcined  sulphate  of  lead,  and  for  every 
100  parts,  68  may  be  considered  as  lead. 

Chloride  of  lead  may  be  separated  from  chloride  of  silver 
by  its  greater  solubility  in  warm  water.  From  the  solution, 
iron  may  be  separated  by  prussiatc  of  potassa,  and  the  solution 
decomposed  by  sulphuric  ucid.  (See  Vauquelin's  Analysis  of 
Galena,  Journ.  des  Mines,  No.  68 ;  Klaproth's  Analyses  of  SuU 
})hate  and  Phosphate  of  Lead ;  Chenevix's  Analysis  of  Native 
Muriate  of  Lead,  Nicholson's  Journal,  4to.  vol.  iv. ;  Hatcbett 
on  Bounionite  (an  ore  of  lead,  antimony,  and  copper),  PhiL 
Trans.  1804> ;  and  Smithson  on  ditto,  Phil.  Trans,  IBOS,  and 
Annals  of  Phil.  xiv.  96.) 

7.  Meracnj  may  be  detected  in  ores  that  are  supposed  to 
contain  it,  by  distillation  in  an  earthen  retort  with  half  their 
weight  of  iron  filings  or  dry  lime.  The  mercury,  if  any  be 
present,  will  rise  and  be  condensed  in  the  receiver.  See  Kla- 
proth's Analytical  Essays. 

8.  Ores  of  zinc  may  be  digested  with  the  nitric  acid,  and 
the  part  that  is  dissolved  boiled  to  dryness,  again  dissolved 
in  the  acid,  and  again  evaporated.  By  this  means  the  iron, 
if  any  be  present,  will  be  rendered  insoluble  in  dilate  nitric 
acid,  which  will  take  up  the  oxide  of  zinc.  To  this  solution 
add  pure  liquid  ammonia,  in  excess,  which  will  separate  the 
lead  and  iron,  if  any  should  have  been  dissolved,  and  the  ex- 

of  alkali  will  retain  the  oxide  of  zinc.    This  maj  be  pie- 


SBCr.  IIK  XXAMINATION  OF  MINBRAI^.  555 

dpitated  by  the  addition  of  an  acid,  or  by  the  evaporation  of 
the  solvent.  Silica,  also,  is  an  abundant  ingredient  of  some 
zinc  ores.  For  examples  of  analyses  of  ores  of  zinc,  see 
Smithson's  Analyses  of  Calamine,  Phil.  Trans.  1803;  Dr. 
Thomson's  Analysis  of  Blende,  Ann.  of  Phil.  iv.  94;  Berthier 
in  Silliman's  American  Journal,  ii.  319;  and  (>oopcr  in  Quar- 
terly Journal,  ix.  191. 

9.  Antimonial  ores.  Dissolve  a  given  weight,  in  three  or 
four  parts  of  muriatic  and  one  of  nitric  acid.  This  will  take 
up  the  antimony,  and  leave  the  sulphur,  if  any.  On  dilution 
with  water,  the  oxide  of  antimony  is  precipitated,  and  the 
iron  and  mercury  remain  dissolved.  Lead  may  be  detected 
by  sulphuric  acid.  (Sec  Klaproth  on  the  Analysis  of  Anti* 
moniated  Silver  Ore,  vol.  i.  p.  560,  and  Hatchett  on  Bourno- 
nite,  Phil.  Trans.  I80i) 

10.  Ores  of  arsenic  may  be  digested  with  nitro- muriatic  acid, 
composed  of  one  part  nitric,  and  one  and  a  half  or  two  of 
muriatic  acid.  Evaporate  the  solution  to  one-fourth,  and 
add  water,  which  will  precipitate  the  arsenic.  The  iron  may 
afterwards  be  separated  by  ammonia.  (Sec  Chenevix,  Phi« 
losophical  Transactions,  1801,  page215.) 

11.  Ores  of  bismuth  are  also  assayed  by  digestion  in  nitric 
acid  moderately  diluted.  The  addition  of  water  precipitates 
the  oxide,  but,  if  not  wholly  separated  at  first,  evaporate  the 
solution ;  after  which,  a  further  addition  of  water  will  preci- 
pitate the  remainder.  (See  Analysis  of  an  Ore  of  Bismuth 
and  Silver,  in  Klaproth,  vol.  i.  page  55^ ;  Mode  of  delecting 
a  small  Quantity  of  Silver  in  Bismuth,  Do.  page  220.  c.) 

12.  Ores  of  cobalt  may  be  dissolved  in  nitro-muriatic  acid. 
Then  add  carbonate  of  potassa,  which  at  first  separates  iron 
and  arsenic.  Filter,  and  add  a  farther  quantity  of  the  carbo- 
nate, when  a  greyish  red  precipitate  will  fall  down,  which  is 
oxide  of  cobalt.  The  iron  and  arsenic  may  be  separated  by 
heat,  which  volatilizes  the  arsenic.  Cobalt  is  also  ascertained^ 
if  the  solution  of  an  ore  in  muriatic  acid  gave  a  sympathetic 
ink.  (See  chap.  ix.  sect  21. — An  example  of  the  analysis  of 
an  ore  of  cobalt  may  be  seen  in  Klaproth.  vol.  i.  page  554; 
aod  of  sulphate  of  cobalt.  Do.  page  579.) 

IS.  Ores  of  nickel.     Dissolve  them  in  nitric  pcid,  and  add 
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to  the  solution  pure  ammonia,  in  such  proportion  that  tbfif 
alkali  may  be  considerably  in  excess.  This  will  precipitate  most 
other  metals»  and  will  retain  the  oxide  of  nickel  in  solatioDs 
which  may  be  obtained  by  evaporation  to  dryness,  and  heating 
the  dry  mass  till  the  nitrate  of  ammonia  has  sublimed.  (See 
Berzelius  on  the  Methods  of  analyzing  Ores  of  Nickel,  Ann. 
ofPhil.  N.S.  iii.206.) 

1*.  Ores  of  manganese.  The  earths,  and  several  of  the 
metals,  contained  in  these  ores,  may  first  be  separated  by 
diluted  nitric  acid,  which  does  not  act  on  highly  oxidized 
manganese.  The  ore  may  afterward  be  digested  with  strong 
muriatic  acid,  which  will  take  up  the  oxide  of  manganese. 
Chlorine  gas  will  arise,  if  a  gentle  heat  be  applied,  and  may 
be  known  by  its  peculiar  smell,  and  by  its  discharging  the 
colour  of  wet  litmus  paper  exposed  to  the  fumes.  From  mu- 
riatic acid  the  manganese  is  precipitated  by  carbonate  of  soda, 
in  the  form  of  a  white  carbonate,  which  becomes  black  peroxide' 
when  heated  in  a  crucible.  Ores,  suspected  to  contain  manga- 
nese, may  also  be  distilled  per  se,  or  with  sulphuric  acid,  when 
oxygen  gas  w*ill  be  obtained.  Oxide  of  manganese  may  be  se» 
parated  from  oxide  of  iron  by  solution  of  pure  potassa,  whidi 
takes  up  the  former  but  not  the  latter.  (See  the  analysis  of 
an  ore  of  manganese,  via  humidA^  in  Klaproth,  vol.  i.  p.  510; 
and  of  a  cobaltic  ore  of  manganese,  page  56^  J) 

Ores  of  manganese  may  also  be  distinguished  by  the  colour 
they  impart  to  borax,  when  exposed  together  to  the  blow* 
pipe.* 

15.  Ores  of  uranium.  These  may  be  dissolved  in  dilute 
nitric  acid,  which  takes  up  the  uranitic  oxide,  and  leaves  that 
of  iron;  or  in  dilute  sulphuric  acid,  which  makes  the  same 
election  ;  or,  if  any  iron  has  got  into  the  solution,  it  may  be 
precipitated  by  zinc.  Then  add  caustic  potassa,  which  throws* 
down  the  oxide  of  zinc  and  uranium.  The  former  maybe 
separated  by  digestion  in_  pure  ammonia,  which  leaves,  un- 
dissolved, the  oxide  of  uranium.  This,  when  dissolved  by 
dilute  sulphuric  acid,  affords,  on  evaporation^  crystals  of  a 
lemon  yellow  colour. 


^  See  chap.  ix.  sect.  14;  and  also  Thomsop's  Annals,  iii.  319, 
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If  copper  be  present,  it  will  be  (lissolved,  along  with  tlic 
zinc,  by  the  ammoniii.  If  lead,  it  will  form,  with  sulphuric 
add,  a  salt  much  less  soluble  than  the  sulphate  of  uranium, 
and  which,  on  evaporation,  will  therefore  separate  first.  (Sec 
Gregor  in  Annals  of  Philos.  v.  28 1 ;  Herschcll^  same  work, 
N.  S.  iii.  99 ;  and  Phillips,  Do.  v.  57.) 

16*  Ores  of  tungsten.  For  these  the  most  proper  treatment 
leems  to  be  digestion  in  nitro*muriatIc  acid,  which  takes  up 
the  earths  and  other  metals.  The  tungsten  remains  in  the  form 
of  a  yellow  oxide,  distinguishable,  by  its  becoming  white  on 
the  addition  of  liquid  ammonia,  from  the  oxide  of  uranium. 
To  reduce  this  oxide  to  tungsten,  mix  it  with  an  equal  weight 
tf  dried  blood,  heat  the  mixture  to  redness,  pr^ss  it  into 
soother  crucible,  which  should  be  nearly  full,  and  apply  a 
fioleDt  heat  for  an  hour  at  least.  (See  Klaproth's  Analytical 
Essays;  D'Elhuyar  Mem.  de  TAcad.  de  Toulouse,  ii. ;  and 
Vaoquelin,  Journ.  des  Mines,  No.  XIX.) 

17*  Ores  of  molybdenum.  Repeated  distillation  to  dryness, 
with  nitric  acid,  converts  the  oxide  into  an  acid,  which  is  in* 
nluble  in  nitric  acid,  and  may  thus  be  separated  from  other 
mefals,  except  iron,  from  which  it  may  be  dissolved  by  sul- 
pknric  or  muriatic  acids.  The  solution  in  sulphuric  acid  is 
blue^  when  cold,  but  colourless,  when  heated.  That  in  mu- 
riatic acid  is  only  blue^  when  the  acid  is  heated  and  con- 
centrated. * 

Respecting  the  ores  of  the  remaining  metals,  sufficient  in- 
ibrmation  has  been  already  given  for  the  purposes  of  the  ge- 
neral student,  and  they  are  of  such  rare  occurrence,  that  it  is 
annecessary  to  describe  them  more  in  detail.  It  may  be  pro- 
per, however,  to  state  where  the  best  examples  of  the  analysis 
of  each  may  be  found. 

18.  Ores  of  titanium.     Consult  Gregor,  in  Journ.  de  Phy 
lique,  xxxix.  72,  152;  Klaproth,  i.  496;  and  Chencvix,  Ni- 
cholson's Journal,  v.  132. 
-    19.  Ores  of  tellurium.     See  Klaproth,  ii.  1. 

20.  Ores  of  chromium.     Vauquelin,  Ann.  de  Chim.  xxv. 

*  See  Untchett*8  Aimlysis  of  the  CarinthiRii  Molybdate  of  Lead,  Fhilo 
Sophical  Transactions,  1790 ;  and  Klaproth,  vol.  i.  pages  534,  538. 


558  OP  CHEMICAL   ANALYSIS.  CHAP.  ^IV. 

21.  Ores  of  coltnnblum.   Hatcliett,  Phil.  Trans.  1802;  Ann. 

de  Cbimic,  xliii.  276. 

22.  Ores   of  palladium   and  rhodium.      Wollaston,    Phil. 
Trans.  1805 ;  Baruel,  Quar.  Journ.  xii. 

23.  Ores  of  iridium  and  osmium.     Tennant,   Phil.  Trans. 
1804;  Baruel,  Quar.  Journ.  xii.  247. 

24.  Ores  of  cerium.  Hisengeraud  Berzelius,  and  Vauquelin, 
Nicholson's  Journ.  8vo.  xii. 

Art.  6. — Ajialysis  of  Ores  in  I  he  dry  way. 

To  analyze  ores  in  the  dry  way,  a  method  which  affords  the 
most  satisfactory  evidence  of  their  composition,  and   should 
always  precede  the  working  of  large  and  extensive   mines,  a 
more  complicated  apparatus  is  required. — An   assaying  for 
nace,   with   muffles,   crucibles,   &c.,  is  absolutely  necessary. 
These  have  already  been  enumerated  in  the  chapter  on  Appa- 
ratus, and  will  be  found  described  in  the  Explanation  of  the 
Plates.     Much  useful  information  respecting  the  composition 
of  minerals  may,   also,  be  gained  from  experiments  with  the 
blow-pi|)e.     Ample  directions  for  assays  of  this  kind  are  given 
in  a  Memoir  by  Haussman,  in  the  4>3d  volume  of  the  Philo- 
sophical Magazine;  by  Gahn  in  the  11th  vol.  of  Dr.  Thorn* 
ion*s  Annals,  p.  40;  and  by  Berzelius,  in  a  work  expressly 
devoted  to  the  purpose,  which  has  been  lately  translated,  and 
published  with  valuable  additions,  by  Mr.  Children  (1  vol. 
8vo.  London,    1822).     To  this  work  I  refer  the  reader  for  a 
variety  of  details  which  require  attention  in  metallurgic  expc- 
rinients  with  the  blow-pipe.     In  the  Apjiendix,  a  table  will  be 
found,  exhibiting  the  appearances  of  the  diRerent  earths  and 
nictallic  oxides  under  that  instrument. 

The  reduction  of  an  ore  requires,  frequently,  previous 
roasting,  to  expel  the  sulphur  and  other  volatile  ingredients: 
or  this  !nay  be  effecled,  by  mixing  the  powdered  ore  with 
nitre,  and  projecting  the  mixture  into  a  crucible.  The  sul- 
phate of  potasja,  thus  formed,  may  be  washed  off,  and  the 
oxide  must  be  reserved  for  subsequent  experiments. 

As  many  of  the  metals  retain  their  oxygen  so  forcibly,  that 
the  application  of  heat  is  incapable  pf  expelling  it,  the  ad- 
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dition  of  inflammable  matter  becomes  expedient.  And,  to 
enable  the  reduced  particles  of  metal  to  agglutinate  and  form 
8  adlected  mass,  instead  of  scattered  grains,  wiiich  would 
odierwise  happen,  some  fusible  ingredient  must  be  added, 
through  which,  when  in  fusion,  the  reduced  metal  may  de-* 
icend,  and  be  collected  at  the  bottom  of  the  crucible.  Sub« 
stances  that  answer  both  these  purposes  are  called  Jinxes. 
The  alkaline  and  earthy  part  of  fluxes  serve  also  another  end, 
vis.  that  of  combining  with  any  acid  which  may  be  attached  to 
a  metal,  and  which  would  prevent  its  reduction  if  not  separated. 
The  ores  oC  different  metals,  and  different  ores  of  the  same 
metal,  require  different  fluxes.  To  offer  rules^  however,  for 
each  individual  case,  would  occupy  too  much  room  in  this 
work :  I  shall,  therefore,  only  state  a  few  of  those  fluxes  that 
are  most  generally  applicable. 

The  black  flux  is  formed,  by  setting  fire  to  a  mixture  of  one 
part  of  nitrate  of  potassa,  and  two  of  bi-tartrate  of  potassa ; 
which  affords  an  intimate  mixture  of  sub-carbonate  of  potassa 
wiih  a  fine  light  coal.  IVhilefliix  is  obtained  by  projecting 
into  a  red-hot  crucible  equal  parts  of  the  same  salts.  Two 
parts  of  common  salt,  previously  dried  in  a  crucible,  one  part 
of  dry  and  powdered  lime,  one  part  of  filiate  of  lime,  and  half 
apart  of  charcoal;  or  400  parts  of  calcined  borax,  40  of  lime, 
and  50  of  charcoal ;  or,  two  parts  of  pounded  and  finely  silted 
glass,  one  of  borax,  and  half  a  part  of  charcoal,  are  all  well 
adapted  to  the  purpose  of  fluxes.  The  ore,  after  being  roasted, 
if  necessary,  is  to  be  well  mixed  with  three  or  four  limes  its 
weight  of  the  flux,  and  put  into  a  crucible,  with  a  little  pow- 
<lered  charcoal  over  the  surface.  A  cover  must  be  luted  on, 
And  the  crucible  exposed  to  the  necessary  heat  in  a  wind-fur- 
Hace.  Ores  of  iron  being  difficultly  reduced,  require  a  very 
intense  fire.  Those  of  silver  and  lead  are  metallized  by  a 
Wer  heat.  The  metal  is  found  at  the  bottom  of  the  crucible, 
^  the  form  of  a  round  button. 

The  volatile  metals,  as  mercury,  zinc,  arsenic,  tellurium, 
^d  osmium,  it  is  obvious,  ought  not  to  be  treated  in  the  above 
iDanner,  and  require  to  be  distilled  with  inflammable  matters 
^n  an  earthen  retort. 

For  minute  instructions  respecting  the  analysis  of  every 
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species  of  ore,  butli  in  tlic  humid  and  dry  waya,  I  rcicrtatbe 
second  volume  of  Mr.  Kirwan's  Mineralogy,  nnd  lu  n  Trcaiiw 
on  the  General  Principles  of  Chemical  Aiiolysia,  trnndaldl 
from  ihe  French  of  Thenaril,  by  Mr.  Children.  VarioHtri- 
celient  examples,  which  may  be  studied  with  great  ndv.iniage, 
mny  be  found  in  the  es&ays  of  Vaucjuelin,  dispencd  ihroufjli 
the  Annales  de  Chimie;  in  those  of  Mr.  Hotcbett  nni!  Mf. 
Cboncvix,  in  the  Pliilosophical  TransacUoHS ;  of  Dr.  Kciiiicily. 
in  Nicholson's  Journal;  and  of  Mr.  Klnprotb,  in  the  work 
already  fi-et^uently  referred  to.  It  is  only,  indeed,  by  an  nttcii- 
tion  to  these,  and  to  more  recent  models  of  chemical  tkill  ami 
accuracy  to  ba  found  in  the  various  philosophical  JDumots, 
conjoined  with  ibe  practical  imitation  of  them,  that  facility  or 
cortninty  in  the  art  of  analyzJn;;  minerals  c.tn  be  ac<)uinil: 
and  though  general  rules  are,  in  this  instance,  of  conMderabI* 
Utility,  it  is  impossible  to  frame  any  that  cnn  be  adfipled  to  rhe 
infinite  variety  which  nature  presd'nts  in  the  productions  oftlie 
mineral  kingdom. 
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CHAPTER  XV. 

tfFLICATlON  or  CHBlilCAL  TB8T8  AND  RE-AQENT8  TO  VARIOUS 

U8BF0L  PURPOSES. 


SECTION  h 

Method  ofDeiecimg  Poisons. 

WiUN  sudden  death  is  suspected  to  have  been  occasioned 
hj  the  administration  of  poison,  either  wilfuHy  or  by  acci- 
dcB^  the  testinxmy  of  the  physician  is  occasionally  required. 
to  confirm  or  invalidate  this  suspicion.  He  may  also  be 
tometimes  called  upon  to  ascertain  the  cause  of  the  noxious 
rfSxts  arising  from  the  presence  of  poisonous  substances  in 
^des  of  diet ;  and  it  may  therefore  serve  an  important  pur« 
poK^  to  point  out  concisely  the  simplest  and  most  practicable 
modes  of  obtainingy  by  experiment^  the  necessary  informa- 

The  only  poisons,  however^  that  can  be  clearly  and  do- 
dmrely  detected  by  chemical  means,  are  those  of  the  mineral 
kingdom.  Arsenic,  and  corrosive  sublimate^*  are  most  likely, 
to  he  fxh^b'tH  with  the  view  of  producing  death ;  and  lead, 
sad  copper  may  be  introduced  undesignedly,  in  several  ways* 
iaio  oar  food  and  drink.  The  continued  and  unsuspected 
operation  of  the  two  last  may  often  produce  effects  less  sud- 
ien  and  violent,  but  not  less  baneful  to  health  and  life,  than 
he  more  active  poisons  i  and  their  operation  generally  in* 
^ves,  in  the  pernicious  consequences,  a  greater  number  oC 


^  I  me  the  ^erm  arsenic,  instead  of  the  more  proper  one,  arsemotis  acid; 
9^  oonosi?e  snblimate,  for  bichloride  of  oiymiiriiit^  of  mercory ;  because 
1^  former  terms  are  more  generally  understood, 
VOL.  II,  2  o 
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Art.  I. — Method  of  discovering  Arsenic. 

When  the  cause  of  sudden  death  is  believed,  from  the 
symptoms  preceding  it»  to  be  the  administration  of  arsenic^ 
the  contents  of  the  stomach  must  be  attentively  examined. 
To  effect  this,  let  a  ligature  be  made  at  each  orifice^  the 
stomach  removed  entirely  from  the  body,  and  its  whole  con- 
tents washed  out  into  an  earthen  or  glass  vessel.  The  arsenic^ 
on  account  of  its  greater  specific  gravity,  will  settle  to  the 
bottom,  and  may  be  obtained  separate,  after  washing  off  the 
other  substances  by  repeated  afiiisions  of  cold  water.  These 
washings  should  not  be  thrown  away,  till  the  presence  of  arse- 
nic has  been  clearly  ascertained.  It  may  be  expected  at  the 
bottom  of  the  vessel  in  the  form  of  a  white  powder,  which 
must  be  carefully  collected,  dried  on  a  filter,  and  aobmitted 
to  experiment. 

(A)  Boil  a  small  portion  of  the  powder  with  a  few  ounces 
of  distilled  water,  in  a  clean  Florence  flask,  and  filter  the 
solution. 

(B)  To  this  solution  add  a  portion  of  water,  saturated 
with  sulphureted  hydrogen  gas.  If  arsenic  be  present,  a 
golden  yellow  sediment  will  fall  down,  which  will  appear 
sooner,  if  a  few  drops  of  acetic  acid  be  added. 

(C)  A  similar  effect  is  produced  by  the  addition  of  sol- 
phuret  of  ammonia,  or  hydro-sulphuret  of  potassa.* 

It  is  necessary,  however,  to  observe  that  these  tests  are  de^ 
composed  not  only  by  all  metallic  solutions,  but  by  the  mere^ 
addition  of  any  acid.  But  among  these  precipitates^  Dr. 
Bostock  assures  us,t  the  greatest  part  are  so  obviously  dif* 
ferent  as  not  to  afford  a  probability  of  being  mistaken ;  the 
only  two,  which  bear  a  close  resemblance  to  it,  are  the  pim- 
pitate  from  tartarized  antimony,  and  that  separated  by  an 
acid.  In  the  latter,  however,  the  sulphur  preserves  Hs  pe- 
culiar yellow  colour,  while  the  arsenic  presents  a  deep  diade 
of  orange;  but  no  obvious  circumstance  of  discriminatioir 
can  be  pointed  out  between  the  hydroHsulphureta  of  arsenic 

*  See  vol.  i.  page  370. 

t  Edinburgh  Medical  and  Surgical  Journal,  t.  16^^ 
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and  of  jEUitimony.  Hence  Dr.  Bostock  concludes  that  sul- 
phnreted  hydrogen  and  its  compounds  merit  our  confidence 
only  as  collateral  tests.  They  discover  arsenic  with  great 
delicacy :  sixty  grains  of  water,  to  which  one  grain  only  of 
liqaid  sulphoret  (hydrogureted  sulphuret?)  had  been  addedy 
was  almoat  instantly  rendered  completely  opaque  by  ^th  of  a 
graiu  of  tlie  white  oxide  of  arsenic  in  solution. 

(D)  To  a  little  of  the  solution  (A)  add  a  single  drop  of  a 
weak  solution  of  subcarbonate  of  potassa,  and  afterward  a  few 
drops  of  a  solution  of  sulphate  of  copper.  The  presence  of 
arsenic  will  be  manifested  by  a  yellowish  green  precipitate. 
Or  boil  a  portion  of  the  suspected  powder  with  a  dilute  so- 
lution of  pure  potassa,  and  with  this  precipitate  the  sulphate 
of  copper,  when  a  similar  appearance  will  ensue  still  more 
mnarkablyy  if  arsenic  be  present.  The  colour  of  this  pre- 
cipitate is  perfectly  characteristic.  It  is  that  of  the  pigment 
called  Scheele's  green.*  To  identify  the  arsenic  with  still 
greater  certainty,  it  may  be  proper,  at  the  time  of  making 
the  experiments  on  a  suspected  substance,  to  perform  similar 
ones,  as  a  standard  of  comparison,  on  what  is  actually  known 
to  be  arsenic.  Let  the  colour,  therefore,  produced  by  adding 
an  alkaline  solution  of  the  substance  under  examination,  to  a 
lolotion  of  sulphate  of  copper,  be  compared  with  that  ob- 
tained by  a  similar  admixture  of  a  solution  of  copper  with 
one  of  real  arsenic  in  alkali. 

The  proportions,  in  which  the  different  ingredients  are  em- 
ployed. Dr.  Bostock  has  found  to  have  considerable  influence 
on  the  distinct  exhibition  of  the  effect.  Those,  which  he  has 
obsenred  to  answer  best,  were  one  of  arsenic,  three  of  potassa 
^NTobaUy  the  sub-carbonate  or  common  salt  of  tartar),  and 
£ve  of  sulphate  of  copper.  For  instance,  a  solution  of  one 
grain  of  arsenic,  and  three  grains  of  potassa,  in  two  drachms 
of  water,  being  mingled  with  another  solution  of  five  grains  of 
sulphate  of  copper  in  the  same  quantity  of  water,  the  whole 
was  converted  into  a  beautiful  grass  green,  from  which  a  co- 
pious precipitate  of  the  same  hue  slowly  subsided,  leaving  the 
supernatant  liquor  transparent  and  nearly  colourless.    The 

*  See  chap.  is.  sect.  19. 
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same  materials,  except  with  the  ominion  of  the  araeniCf  being 
employed  in  the  same  manner,  a  delicate  sicy-blue  retultcdi 
8o  different  from  the  former,  as  not  to  admit  of  the  poasilulity 
of  mistake.  In  this  way,  -^th  of  a  graiii  of  araenic^  diffiised 
through  sixty  grains  of  water,  aiTorded,  by  the  addition  of 
sulphate  of  copper  and  potassa  in  proper  proportioiiBy  a  dis- 
tinct precipitate  of  Scheelc's  green.  In  employing  this  tesif 
it  is  necessary  to  view  the  fluid  by  reflected  and  not  by  trans- 
mitted light,  and  to  make  the  examination  by  day^Iight.  To 
render  the  eflect  more  apparent,  a  sheet  of  white  paper  may 
be  placed  behind  the  glass  in  which  the  mixed  fluids  are  cod* 
tained ;  *  or  the  precipitation  may  be  efibctcd  by  mixing  the 
fluids  on  a  piece  of  writing  paper. 

(E)  The  sediments,  produced  by  any  of  the  foregoing  ei^ 
periments,  may  be  collected^  dried,  and  laid  on  red-bot  char^ 
coal.  A  smell  of  sulphur  will  first  arise,  and  will  be  followed 
by  that  of  garlic. 

(F)  A  process  for  detecting  arsenic  has  been  proposed  bj 
Mr.  Hume,  of  London,  in  the  Philosophical  Magaxine  for 
May,  1809,  vol.  xxxiii.  The  test,  which  he  has  suggested,  is 
the  fused  nitrate  of  silver  or  lunar  caustic,  which  he  emplojk 
in  the  following  manner :  f 

Into  a  clean  Florence  oil  flask,  introduce  two  or  three 
grains  of  any  powder  suspected  to  be  arsenic;  add  not  less 
than  eight  ounce-measures  of  either  rain  or  distilled  water; 
and  heat  this  gradually  over  a  lamp  or  a  clear  coal  fire^  till  the 
solution  begins  to  boil.  Then,  while  it  boils,  frequently  shake 
the  flask,  which  may  be  readily  done  by  wrapping  a  piece  of 
leather  round  iu  neck,  or  putting  a  glove  upon  the  band. 
To  the  hot  solution,  add  a  grain  or  two  bf  sub*carbonate  of 
potassa  or  soda,  agitating  the  whole  to  make  the  mixtnie  uni- 
form. 

In  the  next  place,  pour  into  an  ounce  phial  or  a  smaR 
wine  glass  about  two  table  spoonfuls  of  this  solution,  and  pre- 
sent, to  the  mere  surface  of  the  fluid,  a  stick  of  dry  nitrate  of 
silver  or  lunar  caustic.  If  there  be  any  arsenic  pKsent,  k 
beautifiil  yellow  precipitate  will  instantly  appear,  which  will 


•  Lib.  citot.  p.  170. 
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proceed  from  the  point  of  contact  of  the  nitrate  with  the  fluid; 
ind  aeiUe  towards  the  bottom  of  the  vessel  as  a  flocculent  and 
oopioiu  precipitate. 

Tho  nitrate  of  silver,  Mr.  Hume  finds,  also,  acts  very  sen- 
ubly  opon  arsenate  of  potassa,  and  decidedly  distinguishes  this 
islt  from  the  above  solution  or  arseniie  of  potasaa ;  the  colour 
of  tlie  precipitate,  occasioned  by  the  arsenate,  being  much 
daricer  and  more  inclined  to  brick-red.  In  both  cases,  he  is 
of  fipinion  that  the  test  of  nitrate  of  silver  is  greatly  superior 
to  that  of  sulphate  of  copper ;  inasmuch  as  it  produces  a  much 
Biore  copious  precipitate^  when  equal  quantities  are  submitted 
to  eaqperiment*  The  tests  he  recommends  to  be  employed  in 
their  dry  states  in  preference  to  that  of  solution ;  and  that  the 
piece  of  salt  be  held  on  the  surface  only. 

A  modified  application  of  this  test  has  since  been  prq[)osed 
bj  jDr.  Morcet,  whose  directions  are  as  follow.  Let  the  fluids 
suspected  to  contain  arsenic,  be  filtered ;  let  the  end  of  a 
glass  rod,  wetted  with  a  solution  of  pure  ammonia,  be  brought 
iato  contact  with  tliis  fluid,  and  let  the  end  of  a  clean  rod* 
amilarly  wetted  with  solution  of  nitrate  of  silver,  be  Immersed 
in  the  mixture.  If  the  minutest  quantity  of  arsenic  beprci* 
Mnt,  a  precipitate  of  a  bright  yellow  colour  inclining  to  orange 
will  appear  at  the  point  of  contact,  and  will  readily  subside  to 
the  bottom  of  the  vessel.  As  tliis  precipitate  is  soluble  in 
aouuonia,  the  greatest  care  is  necessary  not  to  add  an  excess 
of  that  alkali.  The  acid  of  arsenic,  with  the  same  test,  afibrda 
A  brick-red  precipitate.*— -Mr.  Hum^  it  may  be  added,  now 
prepares  his  test  by  dissolving  a  few  grains,  say  ten,  of  lunar 
esostic  in  nine  or  ten  times  its  weight  of  distilled  water;  pre* 
eipitating  by  liquid  ammonia ;  and  adding  cautiously,  and  by 
a  few  drops  at  once,  liquid  ammonia,  till  the  precipitate  is  re- 
dissolved,  and  no  longer.  To  obviate  the  possibility  of  any 
excess  of  ammonia,  a  small  quantity  of  the  precipitate  may  be 
left  undissolved.  To  apply  this  test,  nothing  more  is  required 
than  to  dip  a  rod  of  glass  into  this  liquor,  and  then  touch 
with  it  the  surface  of  a  solution  supposed  to  contain  arsenir^. 
which  will  be  indicated  by  a  yellow  precipitate. 
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Mr.  Sylvester  has  objected  to  tliia  test,  that  it  will  not  pro- 
duce  the  expected  appearance,  when  common  sail  is  preseni. 
He  has,  therefore,  proposed  the  red  acetate  of  iron  as  a  better 
test  of  arsenic,  with  which  it  forms  a  bright  yellow  depout; 
or  the  acetate  of  copper,  which  affords  a  green   precipitate. 
Of  the  two,   he  recommends  ihc  latter  in  preference,  but  ad- 
vises that  both  should  be  resorted  to  in  doubtful  cases.'     Dr^ 
Marcel,  however,  has  replied,  that  the  objection  arising  from 
the  presence  of  common  salt  is  easily  obviated ;  for  if  a  little 
diluted  nitric  acid  be  added  to  the  suspected  liquid,  and  llien 
nitrate  of  silver  very  cautiously  till  the  precipitate  ceases,  llw 
muriatic  acid  will  be  removed,  but  the  arsenic  will  remain  in 
solution,  and  the  addition  of  ammonia  will  produce  Uie  jeilow 
precipitate  iu  iu  characteristic  form.     It  is  scarcely  nccesofv 
to  add   that  the  quantity  of  ammonia  must  be  suffidenl  lo 
saturate  any  excess  of  nitric  acid  which  the  fluid  may  cod- 
tain.t 

A  more  important  objection  to  nitrate  of  silver  as  a  l«  of 
arsenic  is,  that  it  affords,  with  the  alkaline  phosphates,  s  pt- 
cipitate  of  phosphate  of  silver,  scarcely  distingui&hablv  bjr  lU 
colour  from  the  arscniate  of  that  metal. I  In  answer  to  thiii 
it  is  alleged  by  Mr.  Hume,§  that  the  arsenitc  of  silver  dot 
be  discriminated  by  a  curdy  or  flocculent  figure,  resembling 
that  of  fresh  precipitated  muriate  of  silver,  except  that  ii* 
colour  is  yellow;  while  the  phosphate  is  smooth  and  homo- 
geneous. The  better  to  discriminate  these  two  arsenites  ^ 
advises  two  parallel  experiments  to  be  made,  upon  squinlt 
pieces  of  clean  writing  paper,  spreading  on  the  one  a  liitleuf 
the  fresh  prepared  arscnite,  and  on  the  other  a  little  of  lit 
phosphate.  When  these  are  suffered  to  dry,  the  pbosphaie 
will  griidufllly  assume  a  black  colour,  or  nearly  so,  while  tbe 
arsenite  will  pass  from  its  original  vivid  yellow  to  an  Indiu 
yellow,  or  nearly  a  fawn  colour. 

Dr.  Paris  conducts  the  trial  in  the  following  manner:  dnf 
the  susjtectcd  fluid  on  a  piece  of  white  pajwr,  making  with  it 
abroad  line;  along  this  line  a  stick  of  lunar  caustic  isCobt 

•  3.1  Nicli.  Jouni.  30C.  f  Pl"l.  Mag.  xli.  lit. 
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dowlj  drawn  several  doies  successively,  when  a  streak  will 
appear  of  the  colour  resembling  that  known  by  the  name  of 
bdiamyeUow,  This  is  equally  produced  by  arsenic  and  by 
an  alkaline  phoqpliate,  but  the  one  from  arsenic  is  roughs 
curdy,  and  flocculent,  like  that  from  a  crayon ;  that  from  a 
phosphate  is  homogeneous  and  uniform,  resembling  a  water 
coloar  laid  smoothly  on  with  a  brush.  But  a  more  important 
and  distinctive  peculiarity  soon  succeeds ;  for  in  less  than  two 
wioutei  the  phosphoric  yellow  fades  into  a  sad  green,  and  be- 
comes gradually  darker,  and  ultimately  quite  black,  while  on 
the  other  hand  the  arsenic  yellow  continues  permanent,  or 
nearly  so^  ftnr  some  time,  and  tlien  becomes  brown.  In  per- 
fiinning  this  experiment,  the  sunshine  should  be  avoided,  or 
the  change  of  colour  will  take  place  too  rapidly.  (Ann.  of 
PhiL  X.  60.)  The  author  of  the  London  Dispensatory  adds, 
that  the  test  is  improved  by  brushing  the  streak  lightly  over 
with  liquid  ammonia  immediately  after  the  application  of  the 
cmsticy  when,  if  arsenic  be  present,  a  bright  queen's  yellow  is 
produced,  which  remains  permanent  for  nearly  an  hour;  but 
that  when  lunar  caustic  produces  a  while  yellow  before  the 
ammonia  is  applied,  we  may  infer  the  presence  of  some  alka- 
line phosphate  rather  than  of  arsenic. 

(G)  Mr.  Smithson  proposes  to  fuse  any  powder  suspected 
to  contain  arsenic  with  nitre;  this  produces  arseniate  of  po- 
taasa«  of  which  the  solution  affords  a  brick  red  precipitate 
with  nitrate  of  silver.  In  cases  where  any  sensible  portion  of 
the  alkali  of  the  nitre  has  been  set  free,  it  roust  be  saturated 
with  acetous  acid,  and  the  saline  mixture  dried  and  re-dissolved 
in  water.  So  small  is  the  quantity  of  arsenic  required  for  this 
mode  of  trial,  that  a  drop  of  solution  of  oxide  of  arsenic  in 
water  (which  at  S'h^  Fahr.  may  be  estimated  to  contain  -p^th 
its  weight  of  the  oxide),  mixed  with  a*  little  nitrate  of  potassa, 
and  fused  in  a  platinum  spoon,  affords  a  very  sensible  quan- 
tity of  arseniate  of  silver.  (Ann.  of  Phil.  N.  S.  iv.  1270 

(H)  Dr.  Cooper,  Preudent  of  Columbia  College,  finds  a 
solution  of  chromate  of  potassa  to  be  one  of  the  best  tests  of 
arsenic.  One  drop  is  turned  green  by  the  fourth  of  a  grain 
of  arsenic,  by  two  or  three  drops  of  Fowler's  mineral  solution, 
or  any  other  arsenite  of  potassa.    The  orsenlous  acid  takes 
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axygea  from  the  chromic,  which  is  coDYcrted  halo  oxide  of 

dirome.    To  exhibit  the  effect,  lake  five  watch  glanei;  put 

<m  on^  two^  or  three  drope  of  a  watery  aolation  of  white  af- 

jenic;   on  Uie  second,  as  much  arsenite  of  potassa;  od  the 

third,  one  fourth  of  a  grain  of  white  arsenic  in  substance;  oa 

the  fourth,  two  or  three  drops  of  solution  of  cormaiw  sobl^ 

mate;  on  the  fifth,  two  or  three  drops  of  a  solution  of  ooppsr. 

Add  to  each  three  or  four  drops  of  a  aolntiDii  of  chrooiate  of 

•potassa.    In  half  an  hour  a  bright  dear  grass  green  «ole«r 

will  appear  in  numbers  1,  2,  S,  unchangeable  by  amniaiiia: 

number  4  will  instantly  exhibit  an  orai^  predpitate ;  and 

number  5  a  green,  which  a  drop  of  ammonia  will  instantly 

change  to  blue.    (Silliman's  American  Jommaly  iii.) 

(1)  But  the  most  decisive  mode  of  determining  the  prs- 
sence  of  arsenic  (which,  though  not  absolutely  indispensable, 
should  always  be  resorted  to,  when  the  suspectsd  suhstanre 
can  be  obtained  in  sufficient  quantity),  is  by  reducti^  it  to  a 
metallic  state ;  for  its  characters  are  then  dear  and  nneqpi- 
Tocal.    For  this  purpose,  let  a  portion  of  the  white  aediment, 
oolleeted  ftom  the  contents  of  the  stomach,  be  dried  and  mixed 
with  three  times  its  weight  of  black  flux  (see  p.  559) ;  or  if 
this  cannot  be  procured,  with  two  parts  of  very  dry  carbonate 
of  potassa  (the  salt  of  tartar  of  the  shops)^  and  one  of  pow- 
dered charcoal.    Dr.  Bostock  finds  that  for  this  mixture,  we 
may  advantageously  substitute  one  composed  of  half  a  grab 
of  charcoal,  and  two  drops  of  oil,  to  a  grain  of  the  sediment* 
Procure  a  tube  eight  or  nme  inches  long,  and  oOe  fourth  or 
one  sixth  of  an  inch  in  diameter,  of  thin  glan,  sealed  heme- 
tically  at  one  end.    Then  put  into  the  tube  the  mixture  of 
the  powder  and  its  flux,  and  if  any  should  adhere  to  the  inner 
surface^  let  it  be  wiped  off  by  a  feather,  so  that  die  inside 
of  dl  the  upper  part  of  the  tube  may  be  quite  dean  wad 
dry.    Stop  the  end  of  the  tube  loosely,  with  a  little  paper,  and 
heat  the  sealed  end  only,  on  a  chafing-diBh  of  recUhot  coafci 
taking  care  to  avoid  breathing  the  fumes*    llie  arseoic^  if 
present,  will  rise  to  the  upper  part  of  the  tobe^  on  tlio  innsr 
sur&ce  of  which  it  will  form  a  thin  brilliant  coatings    Brsalr 
the  tube,  and  scrape  off  the  reduced  metaL    Lay  a  little  una 
lieated  iron,  when,  if  it  be  arsenic,  a  dense  smoke  will  arisen 
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and  a  strong  smell  of  garlic  will  be  perceived.  The  arsenic 
may  be  &rilier  identified,  by  putting  a  small  quantity  between 
twa  pdiabed  plates  of  copper,  surrounding  it  by  powdered 
charcoal^  to  prevent  ite  escape,  binding  Uiese  tightly  together 
by  iron  wire,  and  exposing  them  to  a  low  red  heat.  If  the 
included  substance  be  arsenic,  a  white  stain  will  be  left  on  the 
copper. 

(K)  It  may  be  proper  to  observe,  that  neither  the  stain  on 
copper,  nor  the  odour  of  garlic,  is  produced  by  the  white 
OKide  of  arsenic,  when  heated  without  the  addition  of  some 
iaflamroablo  ingredient.  The  absence  of  arsenic  must  not, 
therefore,  be  inferred,  if  no  smell  should  be  occasioned  by 
.layii^  the  white  powder  on  a  heated  iron. 

Dr*  Black  ascertained,  that  all  the  necessary  experiments, 
fiur  the  detection  of  arsenic,  may  be  made  on  a  single  grain  of 
the  white  oxide ;  tliis  small  quantity  having  produced,  when 
heated  in  a  tube  with  its  proper  flux,  as  much  of  the  metal  as 
dearly  established  its  presence. 

If  the  quantity  of  arsenic  in  the  stomach  should  be  so 
tmally  which  is  not  very  probable^  as  to  occasion  death,  and 
jfei  to  remain  suspended  in  the  washings,  the  whole  con- 
tents, and  the  water  employed  to  wash  them,  must  be  fil- 
tered, and  the  clear  liquor  assayed  for  arsenic  by  the  tests 
(B),  (C),  (D),  and  (E). 

In  this  case  it  is  necessary  to  be  careful  that  the  colour  of 
the  precipitate  is  not  modified  by  that  of  the  liquid  found  in 
the  stomach.  If  this  be  yellow,  the  precipitate  by  sulphate 
of  coj^ier  and  carbonate  of  potassa,  will  appear  green,  even 
though  no  arsenic  be  present ;  but  on  leaving  it  to  settle,  de- 
canting off  the  fluid,  and  replacing  it  with  water,  it  will  evi- 
dently be  blue  without  any  tinge  of  green,  being  no  longer 
seen  through  a  yellow  medium.  (Dr.  Paris.) 

The  liquid  contents  of  the  stomach  may  also  be  evaporated 

to  dryness  below  250^  Fahr.  and  the  dry  mass  be  exposed  to 

.  beat  at  the  bottom  of  a  Florence  flask,  to  sublime  the  arsenic. 

If  dissolved  in  an  oily  fjuid.  Dr.  Ure  proposes  to  boil  the 

,  acdtttioo  with  distilled  water,  and  afterwards  to  separate  the 

oil  by  the  capillary  action  of  wick  threads.    The  watery  fluid 

:  may  then  be  subjected  to  the  ysual  tests* 


BIS  CHEMICAL  TB6TS  AND   RK-AOXMIB.        CHAP.  XV. 

sulphuric  acid,  or  sulphate  of  soda.  Soluble  barytic  salts,  if 
these  have  been  the  means  of  poison,  will  be  contained  in  the 
vater  employed  to  wash  the  contents  of  the  stomach,  and  will 
be  detected,  on  adding  sulphuric  acid,  by  a  copious  precipitate* 
It  may  be  proper  to  observe,  that  the  failure  of  attempts  to 
discover  poisonous  substances  in  the  alimentary  canal  after 
death,  is  by  no  means  a  sufficient  proof  that  death  has  not 
been  occasioned  by  poison.  For  it  has  been  clearly  esta- 
blished, by  experiments  made  on  animals,  that  a  poison  may 
be  so  completely  evacuated,  that  no  traces  of  it  shall  be  ibond, 
and  yet  that  death  may  ensue  from  the  morbid  changes  whidi 
it  has  occasioned  m  the  alimentary  canal,  or  in  the  gemenX 
system. 

Art.  III. — Method  of  detecting  Hopper  or  Lead. 

Copper  and  lead  sometimes  gain  admission  into  artidcs  of 
food,  in  consequence  of  the  employment  of  kitchen  utensils 
of  these  materials. 

I.  If  COPPER  be  suspected  in  any  liqnor,  its  pretence  will 
be  ascertained  by  adding  a  solution  cX  pure  ammcNua,  which 
will  strike  a  beautiful  blue  colour.  If  the  solution  be  very 
dilute,  it  may  be  concentrated  by  evaporation;  and  if  the 
liquor  contain  a  considerable  excess  of  aci^  like  thai  used 
to  preserve  pickles,  as  much  of  the  alkali  most  be  added  as 
is  more  than  sufficient  to  saturate  the  acid.  In  this,  and  all 
other  experiments  of  the  same  kind,  the  fluid  should  be  viewed 
by  reflected,  and  not  by  transmitted  light. 

If  into  a  newly  prepared  tincture  of  gnaiacum  wood  we 
drop  a  concentrated  solution  of  a  salt  of  cof^>er,  the  mixtare 
instantly  assumes  a  blue  colour.  This  effect  does  not  take  place 
when  the  solution  is  very  weak,  for  example,  when  there  ia  not 
above  half  a  grain  of  the  salt  to  an  ounce  of  water ;  bot  then, 
by  the  addition  of  a  few  drops  of  pmssic  acid,  the  blue  coknr 
is  instantly  develcqied  of  great  parity  and  intenaitj.  This 
colour  is  not  permanent,  but  soon  passes  to  a  green,  <iiy*  at 
length  totally  disappears.  For  want  of  prusac  acid,  dialilM 
hmrel  water  may  be  employed.  The  test  produces  its  efiec^ 
even  when  the  proporticm  of  the  salt  of  cc^>per  to  the  walo' 
does  not  exceed  l«45000tb.    In  Ais  minvle  proportioii  no 
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Other  test,  whether  the  prussiate  of  potossa,  soda,  or  ammoniai 
gives  the  least  indication  of  copper.  (Quart.  Joum.  x.  182.) 

IL  Lead  is  occasionally  found,  in  sufficient  quantity  to  be 
injurious  to  health,  in  water  that  has  passed  through  leaden 
pipes  or  been  kept  in  leaden  vessels,  and  sometimes  even  in 
pomp-water,  in  consequence  of  that  metal  having  been  used 
in  the  construction  of  the  pump.  Acetate  of  lead  has  also 
been  known  to  be  fraudulently  added  to  bad  wines,  with  the 
view  of  concealing  their  defects. 

Lead  may  be  discovered  by  adding^  to  a  portion  of  the 
suspected  water,  about  half  its  bulk  of  water  impregnated 
with  sniphureted  hydrogen  gas.  If  lead  be  present,  it  will 
be  manifested  by  a  dark  brown,  or  blackish,  tinge.  This  test 
is  so  delicate,  that  water  condensed  by  the  leaden  worm  of  a 
still-tub,  is  sensibly  affected  by  it.  Lead  is  also  detected  by  a 
similar  eflect  ensuing  on  the  addition  of  sulphuret  of  am- 
monia, or  potassa. 

The  adequacy  of  this  method,  however,  to  the  discovery 
of  very  minute  quantities  of  lead,  has  been  set  aside  by  the 
experiments  of  Dr.  Lambe,*  the  author  of  a  skilful  analysis 
of  the  springs  of  Leamington  Priors,  near  Warwick.  By 
new  methods  of  examination^  he  has  detected  the  presence  of 
lead  in  several  spring-waters,  that  manifest  no  change  on  the 
addition  of  the  sulphureted  test;  and  has  found  that  metal 
in  the  precipitate,  separated  from  such  waters  by  the  carbonate 
of  potassa  or  of  soda.  In  operating  on  these  waters,  Dr. 
Lambe  noticed  the  following  appearances : 

(o)  The  test  forms  sometimes  a  dark  cloudy  with  the  pre- 
cipitate effected  by  alkalis,  which  has  been  re-dissolved  in 
nitric  acid. 

(ft)  Though  it  forms,  in  other  cases,  no  cloud,  the  precipi- 
tate itself  becomes  darkened  by  the  sulphureted  test 

(c)  The  test  forms  a  white  cloud,  treated  with  the  precipi- 
tate as  in  (a).    These  two  appearances  may  be  united. 

(d)  The  test  neither  forms  a  cloud,  nor  darkens  the  pre- 
cipitate. 

*  S«e  bis  '^  Retearches  ioto  tb«  Propertici  of  Spriiig  WatSTt*'  9? 9« 
LondoQ.    Johnson,  1803. 


574  cBsmcAL  nsTs  and  iB-Amim       chat^  xr« 

{e)  In  the  cases  (b\  (c),  (d),  heat  the  precipitate^  in  coo* 
tact  with  an  alkaline  carbonate,  to  redness ;  diasolTe  out  the 
carbonate  by  water;  and  treat  the  precipitate  as  in  (tf). 
The  sulphureted  test  then  forms  a  dark  cloud  with  the  so- 
lution of  the  precipitate.  In  these  experiments,  it  is  essentisl 
that  the  acid,  used  to  re-dissolve  the  precipitate,  sliall  not  be 
in  excess;  and  if  it  should  so  happen,  that  excess  must  be  sa- 
turated before  the  test  is  applied.  It  is  better  to  use  so  little 
acid,  that  some  of  the  precipitate  may  remain  undissolved. 

(f)  Instead  of  the  process  (e)  tlie  precipitate  may  be  ex- 
posed without  addition,  to  a  red  heat,  and  then  treated  as 
in  (a).  In  this  case,  the  test  will  detect  the  metallic  matter; 
but  with  less  certainty  than  the  for^g;oing  one. 

The  nitric  acid,  used  in  these  experiments,  should  be  per- 
fectly pure ;  and  the  test  should  be  recently  prepared  by  sa- 
turating water  with  sulphureted  hydrogen  gas.  A  few  drops 
of  nitric  acid  added  to  a  water  containing  lead,  which  has 
been  reduced  to  I-8th  or  1-lOth  its  bulk  by  evaporation,  and 
then  followed  by  the  addition  of  a  few  drops  of  hydriodate  of 
potassa,  produces  a  yellow  insoluble  precipitate. 

Another  mode  of  analysis,  employed  by  Dr.  Lambe^  con- 
sists in  precipitating  the  lead  by  solution  of  comm<m  salt;  but 
as  muriate  of  lead  is  partly  soluble  in  water,  this  test  cannot  be 
applied  to  small  portions  of  suspected  water.  The  precipitate 
must  be,  therefore,  collected,  from  two  or  three  gallons,  aad 
heated  to  redness  with  twice  its  weight  of  carbonate  of  soda. 
Dissolve  out  the  soda ;  add  nitric  acid,  saturating  any  super- 
fluity ;  and  then  apply  the  sulphureted  test.  Sulphate  of 
soda  would  be  found  more  efiectual  in  this  process  than  the 
muriate,  on  account  of  the  greater  insolubility  of  sulphate  of 
lead.  This  property,  indeed,  renders  sulphate  of  soda  an  ex- 
cellent test  of  the  presence  of  lead,  when  held  in  solution  by 
acids,  for  it  throws  down  that  metal,  even  when  present  in  very 
small  quantity,  in  the  form  of  a  heavy  white  precipitate^  which 
is  not  soluble  by  acetic  acid. 

The  third  process,  which  is  the  most  satisfactory  of  all, 
and  is  very  easy,  except  for  the  trouble  of  collecting  a  laigc 
quantity  of  precipitate,  is  the  actual  reduction  of  the  metsl, 
and  its  exhibition  in  a  separate  form.    Tie  precipitate  may 
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be  mixed  with  its  own  wdgbt  of  alkaline  carbonate,  and  ex- 
posed either  with  or  without  the  addition  of  a  small  propor- 
tion of  charcoal,  to  a  heat  sufficient  to  melt  the  alkali.  On 
breaking  the  crucible,  a  small  globule  of  lead  will  be  found 
reduced  at  the  bottom.  The  precipitate  from  about  fifty 
gaUona  of  water  yielded  Dr.  Lambc,  in  one  instance,  about 
two  grains  of  lead. 

For  discovering  the  presence  of  lead  in  wines,  a  test  in- 
fented  by  Dr.  Hahnemann,  and  known  by  the  title  of  Hah- 
nemann's wine-test,  may  be  employed.  This  test  is  prepared 
by  patting  together,  into  a  small  phial,  sixteen  grains  of  sul- 
pfanret  of  lime^  prepared  in  the  dry  way  (by  exposing  to  a  red 
bea^  in  a  covered  crucible^  equal  weights  of  powdered  lime 
sad  salphur,  accurately  mixed),  and  20  grains  of  bitartrate  of 
potassa  (cream  of  tartar).  The  phial  is  to  be  filled  with  water, 
wdl  corked,  and  occasionally  shaken  for  the  space  of  ten 
Biinntes.  When  the  powder  has  subsided,  decant  the  clear 
Ikpor,  and  preserve  it,  in  a  well-stopped  bottle^  for  use.  The 
liqnor,  when  fresh  prepared,  discovers  lead  by  a  dark  coloured 
precipitate.  A  farther  proof  of  the  presence  of  lead  in  wines 
is  the  occurrence  of  a  precipitate  on  adding  a  solution  of  the 
mlphate  of  soda. 

Mr.  Sylvester  has  proposed  the  gallic  acid  as  an  excellent 
test  of  the  presence  of  lead.* 

The  quantity  of  lead,  which  has  been  detected  in  sophis- 
ticated wine^  may  be  estimated  at  forty  grains  of  the  metal  in 
every  fifty  gallons.t 

When  a  considerable  quantity  of  acetate  of  lead  has  been 
taken  into  the  stomach  (as  sometimes^  owing  to  its  sweet 
taate^  happens  to  children),  after  the  exhibition  of  an  active 
emetic,  the  hydro-sulphuret  of  potassa  or  of  ammonia  may  be 
given;  or  proliably  a  solution  of  sulphate  of  soda  (GlaubePs 
•alt)  would  render  it  innoxious. 


93  Nidiol5on*t  Joumali  310.  f  Lambe,  pago  175. 
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SECTION  II. 

BULBS  FOR  ASCBRTAINING  THB  PURITY  Or  CBBMICAL  PRIr 
PARAT10N8,  BMPLOYBD  FOR  THB  PURP08B6  OF  MBDICIBB| 
AND   FOR  OTHBR   USB8. 

I, — Sulphuric  Acidy — Acidum  Sulphurimm  of  the  London 

Pharmacopceia^ — Oil  of  FUriol. 

The  specific  gravity  of  snlphnric  acid  should  be  1.8485)  at 
60^  Fahr. ;  when  Btrongcr,  there  is  reason  to  suspect  the  pre- 
sence of  sulphate  of  lead,  or  of  other  impurities.  It  should 
remain  perfectly  transparent  when  diluted  with  distiDed 
water.  If  a  sediment  occur,  on  dilution,  it  is  a  proof  of  the 
presence  of  sulphate  of  lead. 

Iron  may  be  detected  in  sulphuric  acid,  by  a  little  uodeiw 
saturating  a  portion  of  the  diluted  acid  with  pure  carbonate 
of  soda,  and  adding  prussiate  of  potassa,  which  will  manifest 
the  presence  of  iron  by  a  prussian  blue  precipitate ;  or  it  will 
be  discovered  by  a  purplish  or  blackish  tinge,  on  the  addition 
of  tincture  of  galls  to  a  similarly  sub-saturated  portion. 
Copper  may  be  discovered,  by  pure  solution  of  ammonia, 
which  turns  it  blue ;  and  lead  may  be  detected  by  die  sol- 
phuret  of  ammonia,  whidi  causes  a  black  precipitate.  The 
latter  metal,  however,  is  for  the  most  part  thrown  down  on 
dilution,  in  combination  with  sulphuric  acid. 

Sulphate  of  potassa  or  of  soda  may  be  (bund  by  satnnittag 
the  diluted  acid  with  ammonia,  evaporating  to  drynessi  and 
applying  a  pretty  strong  heat  The  sulphate  of  ammonia 
will  escape,  and  that  of  potassa  or  of  soda  will  remain,  and 
may  be  distinguished  by  its  solubility  and  other  characters.* 

II.— M/nc  and  Nitrous  Acids, — Acidum  NUrkum^  P.  L.^ 

Aqua  F)oriis. 

The  nitric  acid  should  be  perfectly  colourless,  and  as  limpid 
as  water.  It  should  be  preserved  in  a  dark  place^  to  prevent 
its  conversion  into  the  nitrous  kind. 


*  See  vol.  i.  p.  529,  £47. 
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These  acids  are  most  likely  to  be  adulterated  with  sulphuric 
and  muriatic  acids.  Tlic  sulphuric  acid  may  be  discovered 
by  adding  to  a  portion  of  the  acid,  largely  diluted,  nitrated  or 
muriated  baryta,  which  will  occasion,  with  sulphuric  acid,  a 
white  and  insoluble  precipitate.  The  muriatic  acid  may  be 
ascertained  by  nitrate  of  silver,  which  affords  a  sediment,  at 
first  white,  but  which  becomes  coloured  by  exposure  to  the 
direct  light  of  the  sun.  Both  these  acids,  however,  may  be 
present  at  once ;  and,  in  this  case,  it  will  be  necessary  to  add 
a  solution  of  nitrate  of  baryta  as  long  as  any  precipitate  falls, 
which  will  separate  the  sulphuric  acid.  Let  the  sediment  sub- 
side, decant  the  clear  liquor,  and  add  the  nitrate  of  silver.  If 
a  precipitate  appear,  muriatic  acid  may  be  inferred  to  be  pre- 
sent also.  Muriatic  acid  may  also  be  detected  by  adding  a 
solution  of  sulphate  of  silver. 

These  acids  in  their  most  concentrated  state  should  have 
the  specific  gravity  of  1 .500 ;  but  they  arc  seldom  found  so 
heavy. 

III. — Muriatic  Acidj — AcicUim  Murialicumj  P.  L. — Spirit 

of  Salt. 

This  acid  generally  contains  iron,  which  may  be  known  by 
Its  yellow  colour ;  the  pure  acid  being  perfectly  colourless. 
Iron  may  also  be  detected  by  the  same  mode  as  was  recom- 
mended in  examining  sulphuric  acid. 

Sulphuric  acid  is  discoverable  by  a  precipitation,  on  adding, 
to  a  portion  of  the  acid,  diluted  with  five  or  six  parts  of  pur 
water,  a  solution  of  the  muriate  of  baryta. 

The  specific  gravity  of  this  acid  should  be  1.170.  That  of 
commerce  is  generally  from  1.156  to  1.160;  and  ihe  latter 
number  denotes  the  strength  of  acid  prepared  according  to 
the  London  Pharmacopoeia.  It  is  as  strong  as  it  can  be  kept 
without  emitting  troublesome  fumes. 

IV. — Acetic  Acidy — Acidum  Aceticum, — Radical  or  ConceU' 

trated  Vinegar. 

This  acid  is  often  contaminated  by  sulphurous  and  sulphuric 
acid.  The  first  may  be  known  by  drawing  a  little  of  the  vapour 
into  die  lungs,  when,  if  the  acid  be  pure,  no  unpleasant  sen- 

VOL.  II.  2  P 
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gation  will  be  felt;  but,  if  sulphurous  acid  be  contained  in  the 
acetiC)  it  will  not  fail  to  be  discovered  by  a  sensation  resem- 
bling that  produced  by  breathing  the  fumes  of  burning  sdI- 
pbur.  The  sulphuric  acid  is  detected  by  niuriated  baryta ; 
copper,  by  supersaturation  with  .pure  ammonia;  and  lead,  by 
aulphuret  of  ammonia. 

The  specific  gravity  of  this  acid  should  be  1.060  at  least; 
but.  as  I  have  already  stated,  its  acidity  does  not  keep  pace 
with  its  density. 

Vt — Acetous  Actd^-^ActduM  Acelicvm^  P.  L. — Distilled 

Vinegar. 

If  vinegar  be  distilled  in  copper  vessels,  it  can  hardly  fail  of 
being  contaminated  by  that  metal ;  and,  if  a  leaden  worm  be 
used  for  its  condensation,  some  portion  of  lead  will  certainly 
be  dissolved.  The  former  metal  will  appear  on  adding  an 
excess  of  solution  of  pure  ammonia;  and  lead  will  be  delected 
by  sulphureted  ammonia,  or  by  water  saturated  with  sul- 
phuretcd  hydrogen.  (See  the  preceding  diapter.)  The 
strength  of  distilled  vinegar  ought,  according  to  Mr.  R.  Phil- 
lips, to  be  such,  that  a  fluid-ounce  should  decom|>ose  13.8 
grains  of  carbonate  of  lime. 

It  is  not  unusual,  iu  order  to  increase  the  acid  taste  of 
vinegar,  to  add  sulphuric  acid.  Tliis  acid  may  be  immediately 
discovered  by  solutions  of  baryta,  which,  when  vinegar  has 
been  thus  adulterated,  throw  down  a  white  precipitate.  Mo* 
riatic  acid  is  discoverable  by  nitrate  of  silver. 

VL — Boracic  Acid^ — Sedative  Salt  ofHomberg. 

Genuine  boracic  acid  should  totally  dissolve  in  five  times 
its  weight  of  boiling  alcohol;  and  the  solution^  when  set  on 
fire,  should  emit  a  green  flame.  The  best  boracic  acid  forms 
small  hexangular  scaly  crystals  of  a  shining  silvery  white 
colour.     Its  specific  gravity  is  1.480. 

VII. — Tartaric  Acid, 

This  acid  oflen  contains  sulphuric  acid;  to  discover  which, 
let  a  portion  be  dissolved  in  water,  and  a  solatiom  of  acdate 
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of  lead  be  added.  A  precipitAte  will  appettr,  whrdi,  if  thf 
acid  be  pare,  is  entirely  re-dissolvcd  by  a  few  drops  of  purt 
nitric  acid,  or  by  a  little  pure  acetic  acid.  If  any  portion 
remain  undissolved,  sulplinric  acid  is  the  cause.  Muriate  o'* 
baryta,  also,  when  the  acid  is  adulterated  with  sulphuric 
acid,  but  not  otherwise,  gives  a  precipitate  insoluble  by  an 
excess  of  pure  muriatic  acid. 

VIII^ — jicid  of  Amber. 

Acid  of  amber  is  adulterated,  sometimes  with  sulphui*ic 
acid  and  its  combinations ;  sometimes  with  tartaric  acid ;  and 
at  others  with  muriate  of  ammonia. 

Sulphuric  acid  is  detected  by  solutions  of  baryta ;  tartaric 
add  by  the  cautious  addition  of  carbonate  of  potassa,  which 
fimns  a  difficultly  soluble  bi-tartrate;  and  muriate  of  ammonia 
by  nitrate  of  silver,  which  discovers  the  acid,  and  by  a  solu^ 
tion  of  pure  potassa,  which  excites  a  strong  smell  of  am* 
monia. 

Pure  acid  of  amber  is  a  crystalline  white  salt  of  an  acid  taate^ 
soluble  in  twenty-four  parts  of  cold  or  eight  of  hot  water^  and 
is  volatilized,  when  laid  on  red-hot  iron,  without  leaving  any 
ashes  or  other  residue. 

IX. — Acid  of  Benzoin^'-^Acidtim  Benxoicum^  P.  JL. 

This  acid  is  not  very  liable  to  adulteration.  The  best  has 
a  brilliant  white  colour  and  a  peculiarly  grateful  smell.  It  is 
soluble  in  a  large  quantity  of  boiling  water  or  alcohol,  and 
leaves  no  residue  when  placed  on  a  heated  iron. 

X. — Sub'Carlonaie  of  Potassa^  (  Strictly  the  Carbonate)^ — 

Poiassce  Subcarbonas^  P.  L. 

The  salt  of  tartar  of  the  shops  generally  contains  sulphate 
and  muriate  of  potassa,  and  siliceous  and  calcareous  earths. 
It  should  dissolve  entirely,  if  pure,  in  twice  iu  weight  of 
cold  water ;  and  any  thing  that  remains  undissolved  may  be 
regarded  as  an  impurity.  Sometimes  one-fourth  of  foreign 
mixtures  may  thus  be  detected,  the  greater  part  of  which  is 
sulphate  of  potassa*    To  ascertain  the  nature  of  the  adultera« 
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lion,  boil  in  distilled  water  the  residue  left  by  cold  water ;  aiid 
decant  the  solution.  Then  dissolve  n  portion  of  the  sediment 
(if any)  in  pure  and  diluted  nitric  acid:  the  siliceous  earth 
only  will  remain  undissolved.  Add,  to  one  part  of  the  solution 
by  hot  water,  nitrate  of  baryta ;  this  will  detect  sulphate  of 
potassa  by  a  copious  precipitate.  To  another  portion  add 
nitrate  of  silver,  which  will  discover  muriatic  salts ;  and,  to 
a  little  of  the  solution  by  muriatic  acid,  add  oxalate  or  fluate 
of  ammonia,  which  will  detect  carbonate  of  lime. 

The  solution  of  sub-carbonate  of  potassa  {liquor  polassa 
suhcarlofialisj  P.  L.)  may  be  examined  in  a  similar  manner. 

XI. — Solution  of  pure  Potassa, — Liquor  Polassce,  P.  L. 

This  may  be  assayed,  for  sulphuric  and  muriatic  salts^  by 
saturation  with  nitric  acid,  and  by  the  tests  recommended  in 
speaking  of  carbonate  of  potassa.  A  perfectly  pure  solution 
of  potassa  should  remain  transparent  on  the  addition  of  barytic 
water.  If  a  precipitate  should  ensue,  soluble  with  effer- 
vescence in  dilute  muriatic  acid,  it  is  owing  to  the  presence 
of  carbonic  acid  :  if  the  precipitate  is  not  soluble,  it  indicates 
sulphuric  acid.  The  presence  of  carbonic  acid  is  also  shown 
by  an  effervescence,  on  adding  diluted  sulphuric  acid,  and  an 
excess  of  lime  by  a  white  precipitate,  on  blowing  air  from  the 
lungs,  through  the  solution,  by  means  of  a  tobacco-pipe^  or  a 
glass  tube. 

This  solution  should  be  of  such  a  strength,  as  that  an  exact 
wine-pint  may  weigh  18  ounces  troy. 

XII. — Sulhcarlonate  of  Soday  (  Strictly  Carlonale  of  Socia),— 

Sodce  Subcarbonas,  P.  L, 

Carbonate  of  soda  is  scarcely  ever  found  free  from  muriate 
and  sulphate  of  soda.  These  may  be  discovered  by  adding, 
to  a  little  of  the  carbonate  saturated  with  pure  nitric  add, 
first  nitrate  of  baryta,  to  detect  sulphuric  acid,  and  afterward 
adding  to  the  filtered  liquor  a  few  drops  of  solution  of  nitrate 
of  silver,  to  ascertain  the  presence  of  muriatic  acid;  or  the 
latter  impurity  will  be  indicated  at  once  by  a  solution  of  sul- 
pbife  of  silver.  Carbonate  of  potassa  will  be  shown  by  a  pw- 
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cipitate  ensuing  on  the  addition  of  tartaric  acid  to  a  strong 
solution  of  the  alkali ;  for,  this  acid  forms  a  difficultly  soluble 
salt  with  potassa^  but  not  with  soda. 

XIII. — Solution  of  Carbonate  of  Ammonia^ — Liquor  AmmoniiB 

Carlonatisj  P.  L, 

.This  should  have  the  specific  gravity  of  1.150;  should 
effervesce  on  the  addition  of  acids;  and  should  afford  a  strong 
coaguluni  on  adding  alcohol. 

XIV. — Carbonate  of  Ammonia, — AmmonuB  Carbona^j  P,  L* 

This  salt  should  be  entirely  volatilized  by  heat.  If  any 
thing  remain,  when  it  is  laid  on  a  heated  iron,  carbonate  of 
potassa  or  of  lime  may  be  suspected ;  and  these  impurities 
are  most  likely  to  be  present  if  the  carbonate  of  ammonia  be 
purchased  in  the  form  of  a  powder.  It  should  therefore  always 
be  bought  in  solid  lumps.  Sulphuric  and  muriatic  salts,  lime, 
and  iron,  may  be  discovered  by  adding  to  the  alkali,  saturated 
with  nitric  acid,  the  appropriate  tests  already  often  mentioned. 
It  is  liable  also  to  be  unintentionally  contaminated  with  oily 
or  carbonaceous  matter.     (Edin.  Phil.  Journ.  vii.  303,  n.) 

XV. — Solution  of  pure  Ammonia  in  IVater, — Liquor 
ylmmonice,  P.  L. — Strong  Spirit  of  Sal  Ammoniac, 

The  volatile  alkali,  in  its  purest  state,  exists  as  a  gas  con- 
dcnsibic  by  water,  and  its  solution  in  water  is  the  only  form 
under  which  it  is  applicable  to  useful  purposes.  This  solution 
should  contain  nothing  besid€:8  the  volatile  alkali ;  the  alkali 
should  be  perfectly  free  from  carbonic  acid,  ainl  should  be 
combined  with  water  in  the  g  reatest  possible  proportion.  The 
presence  of  other  salts  may  hx;  discovered  by  saturating  a  por- 
tion of  the  solution  with  pure  nitric  acid,  and  adding  the  testa 
for  sulphuric  and  muriatic  acids.  Carbonic  acid  is  shown  by 
a  precipitation  on  mixing  the  solution  with  one  of  muriate  of 
lime;  for  this  earthy  salt  i:i  not  precipitated  by  pure  amm<xiia« 
The  experiment  should  be  made  in  a  closed  vial;  for  the  vo- 
latile alkali,  by  exposure  to.  the  air,  quickly  gains  carbonic  acid 
enough  to  become  a  preci[  litant  of  calcareous  solutions.    Tlie 
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beat  mode  of  determining  the  strength  of  tlie  solation  is  by 
taking  its  specific  gravity,  which,  at  60^  Fahrenheit,  should 
be  as  .900,  or  thereabouts,  to  1.000.  That  of  die  Londoa 
Pharmacopceia  (edit.  1815)  has  the  specific  gravity  of  0.960; 
and  is,  therefore,  very  much  short  of  the  fuU  strength. 

XWL— Spirit  ofHarlshom. 

This  may  be  counterfeited  by  mixing  the  aqua  amnumue 
puree  with  the  distilled  spirit  of  hartshorn,  in  order  to  increase 
the  pungency  of  its  smell,  and  to  enable  it  to  bear  an  addition 
of  water.  The  fraud  is  detected  by  adding  alcohol  to  the 
sophisticated  spirit;  for,  if  no  considerable  coagulation  ensues, 
the  adulteration  is  proved.  It  may  also  be  discovered  by  the 
usual  effervescence  not  ensuing  with  acids.  Tlie  solution 
should  have  the  s})ecific  gravity  of  1.500. 

XYIL— Sulphate  of  Soday'-^SodtB  Sulphas^  P.  JL.— 

Glaubet^s  Salt* 

This  salt  ought  not  to  contain  an  excess  of  either  acid  or 
alkali,  both  of  which  may  be  detected  by  the  proper  tests. 
Nor  should  it  be  mixed  with  earthy  or  metallic  salts,  the 
former  of  which  are  detected  by  carbonate,  and  the  latter  by 
prussiatc  of  potassa.  Muriate  of  soda  is  discovered  by  adding 
nitrate  of  baryta  till  the  precipitate  ceases^  and  afterwards 
nitrate  of  silver,  or  more  simjdy  by  a  solution  of  sulphate  of 
silver.  Sulphate  of  potassa  i»  discovered  by  its  more  sparing 
solubility*  The  sulphate  of  scida,  however,  being  itself  one  of 
the  cheapest  salts,  there  is  little-  risk  of  its  being  intentionally 
sophisticated. 

XYIIl.— Sulphate  of  Potassa^  ^PotasscR  Saiphas^  P.  L.— 

yitriolated  Tartar. 

The  purity  of  this  salt  may  lie  aaceitaned  by  the  samr 
rneans  as  that  of  the  former  one.  The  liAtle  vjilue  of  Ais  sdt 
renders  it  pretty  secure  from  wilfuC  adttlteratiao. 


XIX.— iV?/ra/e  of  Potassa^ — 1  ^oiass4C  Nkrus,  P. 

NhreorSaU   Petre. 

Nitrate  of  potasasi  isi,  with  great  d.  ifficulty*  ft^ed  ^tmlybm 
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common  salt ;  and  a  small  portion  of  the  latter,  except  for 
nice  chemical  parposes,  is  an  admixture  of  little  importance. 
To  discover  its  presence^  a  solution  of  nitrate  of  silver  must 
be  added  as  long  as  any  sediment  is  produced.  The  precipi- 
tate^ washed  and  dried,  must  be  weighed.  Every  hundred 
grains  will  denote  about  42-t  of  common  salt. 

Sulphate  of  potassa  or  soda  may  be  discovered  by  nitrate  or 
muriate  of  baryta,  and  the  quantity  may  be  estimated  from 
the  weight  of  the  precipitate. 

XX. — Muriate  of  Soda, — Common  Salt. 

Common  salt  is  scarcely  ever  found  free  from  salts  with 
earthy  bases,  chiefly  muriates  of  magnesia  and  lime,  whkh 
are  contained  in  the  brine,  and  adhere  to  the  crystals.  The 
earths  may  be  precipitated  by  carbonate  of  soda,  and  the  pre« 
cipitated  lime  and  mognesia  may  be  separated  from  each  other 
by  the  rules  given  in  page  5S2. 

XXI«— A/firia/e  of  Ammonia^'^AmmmiuB  MuriaSj  P.  L^f^ 

Sal  Ammomac. 

This  salt  ought  to  be  entirely  volatilized,  by  a  low  beat, 
when  laid  on  a  heated  iron.  It  sometimes  contains  sulphate 
of  ammonia,  however,  whicli,  being  also  volatile,  cannot  be 
thas  detected.  To  ascertain  the  presence  of  the  latter  salt, 
add  the  muriate  or  nitrate  of  baryta,  which  will  indicate  the 
sulphate  by  a  copious  and  insoluble  precipitate. 

XXII. — Acetate  of  Potassa, — Potasses  Acetas,  P.  L. 

Genuine  acetate  of  potassa  is  perfiectly  soluble  in  fomr  times 
its  weight  of  alcohol,  and  may  thus  be  separated  from  other 
salu  that  are  insoluble  in  that  fluid.  The  tartrate  of  potassa 
(soluble  tartar)  is  the  adulteration  most  likely  to  be  employed. 
Thb  may  be  discovered  by  adding  a  solution  of  tartaric  acid, 
which,  if  the  suspected  salt  be  present,  will  occasion  a  copious 
precipitate.  The  tartrate  is  also  delected  by  its  formings  with 
acetate  of  lead  or  muriate  of  baryta,  a  precipitate  soluble  in 
acetic  or  muriatic  acid ;  and  sulphates,  by  a  precipitate  with 
the  same  agents^  insolubfe  ia  thow  acids* 
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XXIIL— 2Sr«*/rfl/  Tartrate  of  Potassa^—Potasue  Tartras^ 

P.  L.— Soluble  Tartar. 

This  salt  should  afford  a  very  copious  precipitate  on  adding 
tartaric  acid.  The  only  salt  likely  to  be  mixed  with  it  is 
sulphate  of  soda,  which  may  be  detected  by  a  prcK^ipitate  wilh 
muriated  baryta,  insoluble  in  diluted  muriatic  acid. 

XXIV. — Bi'tarlrate  of  Potassa, — Potassae  Supertartras, 

P.  L. — Cream  of  Tartar. 

The  only  substance  with  which  this  salt  is  likely  to  be  pur- 
posely adulterated  is  sulphate  of  potassa.  To  detennme 
whether  this  be  present,  pour,  on  about  half  an  ounce  of  the 
powdered  crystals,  two  or  tliree  ounce-measures  of  distilled 
water ;  shake  the  mixture  frequently,  and  let  it  stand  one  or 
two  hours.  The  sulphate  of  potassa,  being  more  soluble  than 
the  tartrate,  will  be  taken  up ;  and  may  be  known  by  the 
bitter  taste  of  the  solution,  and  by  a  precipitate,  on  adding 
muriate  of  baryta,  which  will  be  insoluble  in  muriatic  acid. 

Bi-tartrate  of  potassa  frequently,  however,  contains  tartrate 
of  lime.  This  may  be  discovered  by  burning  a  )x>rtion  so  as 
to  destroy  the  acid ;  washing  off  by  water  the  carbonate  of 
potassa  which  is  formed ;  and  then  acting  on  the  residue  with 
diluted  muriatic  acid.  This  dissolves  the  carbonate  of  lime, 
if  any  be  present;  and  oxalate  of  ammonia,  added  to  the  solu- 
tion, precipitates  oxalate  of  lime. 

XXV. — Compound  Tartrate  of  Soda  and  Potassa, — Soda 
Tartarizatay  P.  L. — Rochelle  or  Seignette's  Salt. 

Sulphate  of  soda,  the  only  salt  witli  which  this  may  be  ex- 
)>ected  to  be  adulterated,  is  discovered  by  adding  to  a  solution 
of  Rochelle  salt  the  acetate  of  lead  or  muriate  of  baryta.— 
The  former,  if  the  sulphate  be  present,  affords  a  precipitate 
insoluble  in  acetous  acid,  and  the  latter  one  insoluble  iu  mu- 
riatic acid. 

XXVI. — Sulphate  of  Magnesia^ — Magnesi(B  Sulphas^  P.  L.— 

Epsom  Salt. 

This  salt  has  been  adulterated  with  sulphate  of  aoda,  or 


flKT.  II.  DBTBCTIOM  09  ADULTS  RATIONS*  585 

Glauber's  salt,  which  may  be  made  to  resemble  the  magnesian 
salt  in  appearance,  by  stirring  it  briskly  at  the  moment  when 
it  is  about  to  crystallize.  The  fraud  may  be  discovered  very 
readily  if  the  salt  consist  entirely  of  the  sulphate  of  soda, 
because  no  precipitation  will  ensue  on  adding  carbonate  of 
potassa*  If  only  a  part  of  the  salt  be  sulphate  of  soda,  detec- 
tion is  not  so  easy,  but  may  still  be  accomplished ;  for,  since 
100  parts  of  crystallized  sulphate  of  magnesia  give  between 
35  and  36  of  the  dry  carbonate,  when  completely  decomposed 
by  about  57  of  sub-carbonate  of  potassa,  if  tlie  salt  under 
examination  afford  a  considerably  less  proportion,  its  sophis- 
tication may  be  fairly  inferred ;  or,  to  discover  the  sulphate  of 
soda,  precipitate  all  the  magnesia  by  pure  ammonia,  with  the 
aid  of  heat.  Decant  the  clear  liquor  from,  tlie  precipitate^ 
filter  it,  and,  after  evaporation  to  dryness,  apply  such  a  beat 
as  will  volatilize  the  sulphate  of  ammonia,  when  that  of  soda 
will  remain  fixed,  and  every  10  grains  of  the  dry  residue  will 
indicate  about  22^  of  crystals. 

Muriate  of  magnesia  or  of  lime  may  be  detected  by  the 
salt  becoming  moist  when  exposed  to  the  air,  and  by  a  pre- 
cipitation with  nitrated  silver,  after  nitrate  of  baryta  has  sepa- 
rated all  the  sulphuric  acid  and  magnesia,  or  by  fumes  of 
muriatic  acid  arising  on  the  addition  of  a  little  sulphuric  acid. 
These,  if  in  very  small  quantity,  will  be  made  apparent' by 
a  stopper  moistened  with  liquor  of  ammonia.  Lime  is  dis- 
coverable by  a  white  precipitate  on  tlie  addition  of  liquid  car- 
bonate of  ammonia. 

Mr.  Brande  has  sometimes  found  amongst  Epsom  salt  a 
very  considerable  proportion  of  the  triple  sulphate  of  mag- 
nesia and  potassa.  (Manual,  Vol.  i.  p.  599.)  It  may  be  known 
by  its  sparing  solubility,  and  by  the  rhomboidal  shape  of  its 
crystals;  by  occasioning  a  gritty  sensation  in  the  moutli ;  and 
by  being  less  bitter  than  the  magnesian  sulphate. 

XXVII. — Sulphaie  of  Alumina^  Sfc.^^Alum. 

Perfectly  pure  alum  should  contain  neither  iron  nor  copper. ' 
Tlie  former  is  manifested  by  adding,  to  a  solution  of  alum, 
prussiate  of  potassa,  and  the  latter  by  an  excess  of  purcf  am- 
monia. 
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XXXYllL—Sub-borate  ofSoda.—SodtB  Baras^  P.  In— 

Borax. 

Borate  of  soda,  if  adulterated  at  all,  will  probably  be  so  with 
alum  or  fused  common  salt.  To  discover  these^  borax  must 
be  dissolyed  in  water,  and  its  excess  of  alkali  be  saturated  with 
nitric  acid.  Nitrate  of  baryta,  added  to  this  saturated  solu- 
tion, will  detect  the  sulphuric  salt,  and  nitrate  of  silver  the 
common  salt. 

XXlX.^Sulpliale  of  Iron^—Ferri  Sulphas^  P.  L^r^Green 

yUriol. 

If  this  salt  should  contain  copper,  which  is  the  only  admix- 
ture likely  to  be  found  in  it,  pure  ammonia,  added  till  a  pre- 
cipitation ceases,  will  afford  a  blue  liquor.  Any  copper,  that 
may  chance  to  be  present,  may  be  separated,  and  the  salt  puri- 
fied, by  immersing  in  a  solution  of  it  a  clear  polislied  plate 
of  iron. 

XXX.'^Glass  of  Aniimoxj/* 

A  large  quantity  of  glass  of  lead  was  lately  introduced  into 
the  London  market,  as  glass  of  antimomf.  To  discover  this 
criminal  imposition,  >vhencvcr  it  may  be  practised,  the  follow- 
ing distinctive  characters  of  the  two  substances  have  been  des- 
cribed by  Mr.  Luke  Howard.* 

Glass  of  antimony  has  a  rich  brown  or  reddish  colour,  with 
the  usual  transparency  of  coloured  glasses.  The  glass  of  lead 
is  of  a  deeper  and  duller  colour  against  the  light ;  is  much  less 
transparent ;  and  even,  in  some  samples,  quite  opaque. 

The  specific  gravity  of  the  true  never  exceeds  4.95 ;  that  of 
the  spurious  or  lead  glass  is  6.95;  or,  in  round  numbers,  their 
comparative  weights  are  as  5  to  7. 

Let  twenty  grains  be  rubbed  fine  in  a  glass  mortar,  adding 
half  an  ounce  of  good  muriatic  acid.  The  true  dissolves  with 
an  hepatic  smell;  the  solution  is  turbid,  but  has  no  sediment. 
The  spurious  turns  the  acid  yellow,  giving  out  an  odour  ^ 
chlorine,  and  leaves  mi^ch  sediment. 


*  Philosophical  Magazino,  iiiv.  S3d. 
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Let  mlitlle  of  each  solution  be  separately  dropped  iuto  water. 
Tlie  true  deposits  oxide  of  antimony  in  a  copious  white 
coagulum ;  or^  if  the  water  has  been  previously  tinged  with 
sulphuret  of  ammonia,  in  a  fine  orange  precipitate.  The 
spurioiu  gives  no  precipitate  in  water,  and,  in  the  other  liquid 
one  of  a  dark  brown  or  olive  colour. 

A  solution  of  the  spurious  in  distilled  vinegar  has  a  sweet 
tast^  togetlier  with  the  other  properties  of  acetate  of  lead. 

A  very  small  mixture  of  the  spurious  may  be  detected  by  its 
debasing,  more  or  less,  the  bright  orange  colour  of  the  pre- 
cifutate  thrown  down  by  the  sulphuret  of  ammonia  from  the  < 
solution  in  any  acid. 

The  samples  of  the  spurious,  hitherto  detected,  are  of  a 
much  thicker  and  clumsier  cast  than  tlie  genuine;  but  the  ap- 
pearance is  not  to  be  trusted,  and  no  specimen  should  be 
allowed  to  pass  without  a  trial  either  of  the  specific  gravity  or 
diemical  properties. 

XXXI. — Tariarized  Anlimonyj — Antimonium  Tarlarizatumj 

P.  L.-^Emelic  Tarlau 

A  solution  of  this  salt  should  afibrd,  with  acetate  of  lead, 
a  precipitate  perfectly  soluble  in  dilute  nitric  acid.  A  few 
drops  of  the  sulphuret  of  ammonia,  also,  added  to  its  solution, 
should  immediately  precipitate  a  gold  coloured  sulphuret  of 
antimony. 

XXXII. — Muriate    of  Meixurt/y — Hydrargyri    Oxymurias^ 
P.  L.-'^Corroswe  Sublimate. — Bichloride  of  Mercury. 

If  there  be  any  reason  to  suspect  arsenic  in  this  salt,  the 
admixture  (which,  however,  is  not  likely  to  be  practised  ex- 
cept with  the  intention  of  its  acting  as  a  poison  of  even  greater 
virulence)  may  be  discovered  as  follows:— Dissolve  a  small 
quantity  of  the  sublimate  in  distilled  water;  add  a  solution  of 
carbonate  of  ammonia  till  the  precipitate  ceases,  and  filter 
the  solution.  If,  on  the  addition  of  a  few  drops  of  ammoniu- 
reted  copper*  to  this  solution,  a  precipitate  of  a  yellowish 
green  colour  is  produced,  the  sublimate  contains  arsenic. 

*  Prepared  by  digesting  a  little  verdegris  in  the  solution  of  pure  ammonia^ 
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XXXIIL — Submuriale  of  Meratryj — Proi(y^chloride  of  Mer- 
cury^— Hydrargyri  Sub-murlaSj  P.  L. — CahmeL 

Calomel  should  be  completely  saturated  with  mercury. 
Tliis  may  be  ascertained  by  boiling,  for  a  few  minutes,  one 
part  of  calomel  with  -^.j^i  part  of  muriate  of  ammonia  (sal  am- 
moniac) in  10  parts  of  distilled  water.  When  carbonate  of 
potassa  is  added  to  the  filtered  solution,  no  precipitation  will 
ensue  if  the  calomel  be  pure.  This  preparation,  when  rubbed 
in  an  earthen  mortar  with  pure  ammonia,  should  become  in- 
tensely  black,  and  should  exhibit  nothing  of  an  orange  hue. 

XXXIV. — Mercun/y  or  Quicksilver^ — Hydrargyrus,  P.  L. 

Scarcely  any  substance  is  so  liable  to  adulteration  as  mer- 
cury, owing  to  the  property  which  it  possesses  of  dissolving 
completely  some  of  the  baser  metals.  This  union  is  so  strong, 
that  they  even  rise  along  with  the  quicksilver  when  distilled. 
The  impurity  of  mercury  is  generally  indicated  by  its  dull 
aspect;  by  its  tarnishing  and  becoming  covered  with  a  coat  of 
oxide,  on  long  exposure  to  the  air;  by  its  adhesion  to  the 
surface  of  glass;  and,  when  shaken  with  water  in  a  bottle,  by 
the  speedy  formation  of  a  black  powder.  Lead  and  tin  are 
frequent  impurities,  and  the  mercury  becomes  capable  of 
taking  up  more  of  these  if  zinc  or  bismuth  be  previously  added. 
To  discover  lead,  the  mercury  may  be  agitated  with  a  little 
water,  in  order  to  oxidize  that  metal.  Pour  off  the  water, 
and  digest  thp  mercury  with  a  little  acetous  acid.  Tliis  will 
dissolve  the  oxide  of  lead,  which  will  be  indicated  by  a  blackish 
precipitate  with  sulphureted  water.  Or,  to  this  acetous  solu- 
tion, add  a  little  sulphate  of  soda,  which  will  precipitate  sulphate 
of  lead,  containing,  when  dry,  68  per  cent,  of  metal.  If  only  a 
very  minute  quantity  of  lead  be  present,  in  a  large  quantity 
of  mercury,  it  may  be  detected  by  solution  in  nitric  acid  and 
the  addition  of  sulphureted  water.  A  dark  brown  precipitate 
will  ensue,  and  will  subside  if  allowed  to  stand  a  few  days. 
One  part  of  lead  may  thus  be  separated  from  15265  parts  of 
mercury.*     Bismuth  is  detected  by  pouring  a  nitric  solution, 


*  Accuin  on  the  Detection  of  Adulterations,  in  Nicholson's  Journal,  4to. 

vol.  IT. 


8BCT.  IT.  BBTBCnON  OV  ADULTERATIONS.  589 

prepared  without  heat^  into  distilled  water ;  a  white  preci- 
pitate will  appear  if  this  metal  be  present.  Tin  is  manifested, 
in  like  manner,  by  a  weak  solution  of  muriate  of  gold,  which 
throws  down  a  purple  sediment ;  and  zinc,  by  exposing  the 
metal  to  heat. 

XXXV. — Red  Oxide  of  Merairy^ — Hydrargj/ri  Oxydiim 

Rubrum^  P^L. 

This  substnnce  is  rarely  found  adultcrateil,  as  it  would  be 
difficult  to  find  a  substance  well  suited  to  this  purpose.  If 
well  prepared,  it  may  be  totally  volatilized  by  heat. 

XXXVI. — Red  Oxide  of  Meratry  by  Nitric  Acid^ — Hydrar- 
gyri  Niirico^Oxydnmy  P.  L.—Red  Precipitate.   , 

This  is  very  liable  to  adulteration  with  minium,  or  red  lead. 
The  fraud  may  be  discovered  by  digesting  it  in  acetic  acid, 
and  adding  to  the  solution  sulphurcted  water,  or  sulphuret  of 
ammonia,  either  of  which  produces,  virith  the  compounds  of 
lead,  a  dirty  dark  coloured  precipitate ;  or  by  adding  sulphate 
of  soda,  which  throws  down  sulphate  of  lead.  This  oxide 
ought  to  be  totally  volatilized  by  heat. 

XXXVII. — White  Oxide  of  Mercury^ — Uydrargyrtts  Pneci^ 
pitatus  Albus^  P.  L. — JVIiiie  Precipitate. 

White  lead  is  the  most  probable  adulteration  of  this  sub- 
stance^ and  chalk  may  also  be  occasionally  mixed  with  it. 
Tlie  oxide  of  lead  may  be  discovered  as  in  the  lost  article ; 
and  chalk,  by  adding  to  the  dilute  solution  a  little  oxalic  acid. 

XXXV III. — Red  Sulphuretcd  Oxide  of  Merairy^ — Hydrar^ 
gyri  Sulphuretum  Rubrumj  P.  Zr. — Factitious  Ciimabar. 

This  substance  is  frequently  adulterated  with  red  lead, 
which  may  be  detected  by  the  foregoing  rules.  Chalk  and 
dragon's  blood  arc  also  sometimes  mixed  with  it.  The  chalk 
is  discovered  by  an  effervescence  on  adding  acetic  acid,  and 
by  pouring  oxalic  acid  into  the  acetous  solution.    Dragon's 
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blood  will  be  left  unvolatillzed  when  tlio  snlphuret  is  expcncd 
to  licnt,  and  may  be  detected  by  its  giving  a  colour  to  alcdioli 
when  the  cinnabar  is  digested  with  it. 

XXXIX.— Black  Stilphureted  Oxide  of  Mercury^— Ei/A^M 

Mineral. 

The  mercury  and  sulphur,  in  this  preparation,  should  be 
so  intimately  combined,  that  no  globules  of  the  metal  can  be 
discovered  by  a  magnifier ;  and  Uiat,  when  rubbed  on  gold, 
no  white  stain  may  be  communicated.  The  admixture  of 
ivory-black  may  be  detected  by  iu  not  being  wholly  Tolatiliied 
by  heat ;  or,  by  boiling  with  alkali  to  extract  the  sulphur,  and 
afterwards  exposing  the  i*esiduum  to  heat,  which  ought  entirely 
to  evaporate. 

XL. — Yellow  Oxide  or  Sidf-sulphale  ofMercufiff — Hydrarggrus 
Fiiriolalm,  P.  L.—turbkh  Mineral. 

This  preparation  should  be  wholly  evaporable ;  and, 'when 
digested  with  distilled  water,  the  water  ought  not  to  take  up 
any  sulphuric  acid, '  which  will  be  discovered  by  muriate  of 
baryta. 

XLI. — Fused  Nitrate  of  Silver, — Argenli  Nilrasj  P.  L. — 

Lunar  Caustic. 

The  most  probable  admixture  with  this  substance  is  nitrate 
of  copper,  derived  from  the  employment  of  an  impure  silver. 
In  moderate  proportion  this  is  of  little  importance.  It  may 
be  ascertained  by  solution  in  water,  and  adding  an  excess  of 
pure  ammonia,  which  will  detect  copper  by  a  deep  Une 
colour. 

Tlie  watery  solution  of  lunar  caustic,  when  mingled  witfc 
one  of  common  salt,  should  give  a  copious  curdy  precipitate. 

XLII. — IVhite  Oxide  ofZinc, — Zinci  Oxydum^  P.  Z#.— 

Flowei's  of  Zinc. 


Oxide  of  zinc  may  be  adulterated  with  chalk,  which  !• 
coverabic  by  an  effervescence  with  acetous  acid^  and  by  the 
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irecipitaiion  of  this  solution  with  oxalic  ncid.  Load  is  detected 
jy  acUii^,  to  the  acetous  solution,  sulphureted  water,  or  sul* 
jihuret  of  ammonia.  Arsenic,  to  which  the  activity  of  this 
medidne  has  been  sometimes  ascribed,  is  detected,  also,  by 
wiphureted  water,  added  to  the  acetous  solution  :  but  in  this 
esse  the  precipitate  has  a  yellow  colour,  and,  when  laid  on 
red-hot  diarcoal,  gives  first  a  smell  of  sulphur,  and  afterwards 
of  arsenic. 

XLIIL — White  Carbonate  of  Lead, — Plumbi  Carlonas,  P,  L.— - 

While  Lead. 

This  is  frequently  sophisticated  with  chalk ;  the  presence  of 
which  may  be  detected  by  cold  acetous  acid,  and  by  adding, 
to  this  solution,  oxalic  acid.  Carbonate  of  baryta  is  de« 
tected  by  sulphate  of  soda  added  to  the  same  solution,  very 
largely  diluted  witli  distilled  water ;  and  sulphate  of  baryta^ 
or  sulphate  of  lead,  by  the  insolubility  of  the  cerusse  in  boil'* 
iDg  distilled  vinegar. 

XLIV. — Acetate  of  Lead^^^Tlumli  Superacetas,  P»  L.— . 

Sugar  of  Lead. 

If  the  acetate  of  lead  should  be  adulterated  with  acetate  of 
lime  or  of  baryta,  the  former  may  be  detected  by  adding,  to  A 
very  dilute  solution,  the  oxalic  acid ;  and  the  latter  by  sul- 
phuric acid,  or  solution  of  sulphate  of  soda,  poured  into  a  solu- 
tion very  largely  diluted  with  water.  Acetate  of  lead  ought 
to  dissolve  entirely  in  water,  and  any  thing  that  resists  solu- 
tion may  be  regarded  as  an  impurity. 

XLV. — Sub-acetate  of  Copper, — jErugo,  P.  L. — Verdegris. 


substance  is  scarcely  ever  found  pnre^  being  mixed 
with  pieces  of  copper,  grape-stalks,  and  other  impurities. 
The  amount  of  this  admixture  of  insoluble  substances  may 
ba  ascertained  by  boiling  a  portion  of  verdegris  with  12  or  14 
thnes  its  weight  of  distilled  vinegar,  allowing  the  undissolved 
part  to  settle,  and  ascertaining  its  amount.  Sulphate  of  cop- 
pet  may  be  detected  by  boiling  the  verdegris  with  water,  and 
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evaporating  the  solution.  Crystals  of  acetate  of  cop))er  will 
first  separate,  and,  when  the  sohition  has  been  farther  con- 
centrated, the  sulphate  of  copper  will  crystallize.  Or,  it  may 
be  discovered  by  adding,  to  the  solution  of  verdegris  in  dis- 
tilled vinegar,  muriate  of  baryta,  which  will  tlirow  down  a  very 
abundant  precipitate.  Tartrate  of  copper,  another  adulteration , 
sometimes  met  with,  is  discovered  by  dissolving  a  little  of  the 
verdegris  in  acetic  acid,  and  adding  acetate  or  muriate  of  ba- 
ryta, which  will  aiford,  with  the  tartaric  acid^  a  precipitate 
soluble  in  muriatic  acid. 

XhyL-r-Crysiallized  Bin-acetale  of  Copper^ — Distilled  or 

Crystallized  Ferdegris* 

This  is  prepared  by  dissolving  common  verdegris  in  dis- 
tilled vinegar,  and  crystallizing  the  solution.  These  crystals 
should  dissolve  entirely  in  six  times  their  weight  of  boiling 
water,  and  the  solution  should  give  no  precipitation  with  so- 
lutions of  baryta ;  for,  if  these  solutions  throw  down  a  pre- 
cipitate, sulphate  of  copper  is  indicated.  This  impurity  may 
be  discovered  by  evaporating  the  solution  very  low,  and  se- 
parating the  crystals  of  acetate  of  copper.  Farther  evapo- 
ration and  cooling  will  crystallize  the  sulphate,  if  any  be 
present. 

XLVIL — Carbonate  of  Magnesia^ — Common  Magae$ia^'^ 

Magnesice  Carbonas,  P.  L. 

Carbonate  of  magnesia  is  most  liable  to  adulteration  with 
chalk ;  and,  as  lime  forms  with  sulphuric  acid  a  very  insoluble 
salt,  and  magnesia  one  very  readily  dissolved^  this  ncid  may 
be  employed  in  detecting  the  fraud.  To  a  suspected  portion 
of  magnesia  add  a  little  sulphuric  acid,  diluted  with  eight  or 
ten  times  its  weight  of  water.  If  the  magnesia  should  entirdy 
be  taken  up,  and  the  solution  should  remain  transparent,  it 
may  be  pronounced  pure,  but  not  otherwise.  Another  mode 
of  discovering  the  deception  is  as  Follows: — Saturate  a  portion 
of  the  suspected  magnesia  with  muriatic  acid,  and  add  a  fio> 
lulion  of  carbonate  of  ammonia.     If  any  lime  be  present,  it 
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will  fbrm  an  insoluble  precipitate^  bat  the  magneiia  will  remaia 
m  folution* 

XLVIII.— Pi^e  Magnesia^ — Magneskf  P.  L. — Calcined 

Magnesia. 

Calcined  magnesia  may  be  assayed  by  the  same  tests  as  the' 
carbonate.  It  ought  not  to  effervesce  at  all  with  dilute  sul- 
phuric acid ;  and,  if  the  earth  and  acid  be  put  together  into' 
one  scale  of  a  balance,  no  diminution  of  weight  should  ensue  on 
mbcing  them  slowly  together.  It  should  be  perfectly  free  from 
taste^  and,  when  digested  with  distilled  water,  the  filtered' 
Kqnor  should  manifest  no  property  of  lime-water.  Calcined 
'magnesia,  however,  is  very  seldom  so  pure  as  to  be  totally  dis- 
iolved  by  diluted  sulphuric  acid ;  for  a  small  insoluble  residue 
generally  remains,  consisting  chiefly  of  siliceous  earth,  de- 
rived from  the  alkali.  The  solution  in  sulphuric  acid  when 
largely  diluted,  ought  hot  to  afford  any  precipitation  with 
caudate  of  ammonia. 

XLIX.— 'Spirt/  of  fFhw,  Alcohol,  and  JEthers. 

The  only  decisive  mode  of  ascertaining  the  purity  of  spirit 
of  wine  and  of  aethers,  is  by  determining  their  speci^c  gravity. 
Highly  re<<tifled  alcohol .  should  have  the  specific  gravity  of 
•800  to  1.000 ;  rectified  spirit  of  wine  .835 :  proof  spirit  of  .920 ; 
Sulphuric  sther  .729;  and  as  found  in  the  shops  under  the 
ntime  o(  isther  rectificUlus  It  ought  not  to  exceed  .750;  the 
sphrilus  iBlkeris  nilrici  (P.  L.  1815)/  or  sweet  spirit  of  nitrei 
SSi*  The  aethers,  when  quite  pure»  ought  not  to  redden  the 
colour  of  litmus,  nor  ought  those  Ibrmed  from  sulphuric  add 
to  give  any  precipitation  with  solutions  of  baryta. 

L. — Essential  or  Volalile  Oils, 

As  essential  oils  constitute  only  a  very  small  proportion  of 
the  vegetables  from  which  they  are  obtained,  and  bear  gene- 
rally a  very  high  price,  there  is  a  considerable  temptation  to 
adulterate  them.  They  are  found  sophisticated,  either  with 
cheaper  volatile  oils,  with  fixed  oils,  or  with  spirit  of  wine. 
The  fixed  oils  are  discovered  by  distillation  with  a  very  gentle 

VOL.  !!•  2  0 
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heat,  which  elevates  the  essential  oils,  and  leaves  the  fixed 
ones.  These  last  may,  also,  be  detected  by  moistening  a  little 
writing-paper  with  the  suspected  oil,  and  holding  it  before  the 
fire.  If  the  oil  be  entirely  essentialf  no  stain  will  remain  on 
the  paper.  Alcohol,  also,  detects  the  fixed  oils,  because  it 
only  dissolves  the  essential  ones,  and  the  mixture  beoomes 
milky.  The  presence  of  cheaper  essential  oils  is  discovered 
by  the  smell.  Alcohol,  a  much  cheaper  liquid  than  some  of 
the  most  costly  oils,  is  discovered  by  adding  water,  which,  if 
alcohol  be  present,  occasions  a  miUuness.  Vauqudin,  how* 
ever,  finds  that  oil  of  bergamot  may  contun  eight  per  cent,  of 
alcohol  of  sp.  gr.  0.817  without  its  being  discoverable  when 
mixed  with  water.  He  has  noticed,  also»  some  other  pheno- 
mena attending  the  mutual  action  of  those  two  fluids.  (Ann« 
of  Phil.  vol.  xiii.  p.  Ixviii). 

LI.— -O/iiv  OU. 

This  oil  is  sometimes  adulterated  with  the  cheaper  oils  ob* 
tained  from  grains  and  seeds.  The  acid  pernitrate  of  mercaiy 
(prepared  by  dissolving,  in  the  cold,  six  parts  of  mercury  m 
seven  and  a  half  of  nitric  acid,  sp.  gr.  1 .36^  or  thereabouts) 
has  the  property  of  solidifying  or  congealing  in  a  few  hours 
genuine  oil  of  olives ;  while  it  leaves  the  oils  of  grains  almost 
entirely  liquid,  or  at  most  produces  a  precipitate  from  them 
more  or  less  sparingly,  according  to  the  proportions  of  cSk 
that  may  be  mixed  together.  Eight  parts  of  pernitrate  are 
sufficient  to  congeal  92  parts  of  pure  olive  oil.  Mixtures  of 
the  genuine  oil  with  cheaper  oils  exhibit  only  a  alow  and  par- 
tial coagulation.  One-third  of  oil  of  grains  is  sufficient  to  pre- 
vent the  mixture  firom  solidifying.  (Ann.  de  C^imie  et  de 
Phys.  xii.  58). 
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SECTION  III. 

AppUcation  of  Chemical  Tests  to  the  Uses  of  the  Farmer  and 

Country  Gentleman. 

The  benefits  that  might  be  derived  from  the  union  of  che- 
mical skill  with  the  extensive  observation  of  agricultural  facts, 
are,  perhaps,  incalculable.  At  present,  however,  the  state  of 
knowledge  among  farmers  is  not  such  as  to  enable  them  to 
reap  much  advantage  from  chemical  experiments;  and  the 
chemist  has,  himself,  scarcely  ever  opportunities  of  applying 
his  knowledge  to  practical  purposes  in  this  way.  It  may 
perhaps,  however,  be  of  use,  to  offer  a  few  brief  directions  for 
the  analysis  of  marls,  lime-stones,  &c. 

Art.  I. — Lime. 

It  is  impossible  to  lay  down  any  general  rules  respecting 
die  fitness  of  lime  for  the  purposes  of  agriculture ;  because 
much  must  depend  on.  the  peculiarities  of  soil,  exposure,  and 
other  circumstances.  Hence  a  species  of  lime  may  be-  ex- 
tremely well  adapted  for  one  kind  of  land,  and  not  for  another. 
All  that  can  be  accomplished  by  chemical  means  is  to  ascer- 
tain the  degree  of  purity  of  the  lime,  and  to  infer,  from  this,  to 
what  kind  of  soil  it  is  best  adapted.  Thus  a  lime,  which  con- 
tains much  argillaceous  eaith,  is  better  adapted  than  a  purer 
one  to  dry  and  gravelly  soils ;  and  stifi*  clayey  lands  require  a 
lime  as  free  as  possible  from  the  argillaceous  ingredient. 

To  determine  the  purity  of  lime,  let  a  given  weight  be  dis- 
solved in  diluted  muriatic  acid.  Let  a  little  excess  of  acid  be 
added,  that  no  portion  may  remain  undissolved  owing  to  the 
deficiency  of  the  solvent  Dilute  with  distilled  water;  let  the 
insoluble  part,  if  any,  subside,  and  the  clear  liquor  be  decanted. 
Wash  the  sediment  with  farther  portions  of  water,  and  pour 
it  upon  a  filter,  previously  weighed.  Dry  the  filter  and  ascer- 
tain its  increase  of  weight,  which  will  indicate  how  much  inso- 
luble matter  the  quantity  of  lime  submitted  to  experiment 
contained.  It  is  easy  to  judge  by  the  external  qualities  of  the 
insoluble  portion,  whether  argillaceous  earth  abounds  in  its 

composition. 
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There  is  one  earth,  however,  lately  found  in  several  lime- 
stones, which  is  highly  injurious  to  the  vegetation  of  plants, 
and  is  not  discoverable  by  the  foregoing  process,  being,  equally 
with  lime,  soluble  in  muriatic  acid.  This  earth  is  magnesia, 
which,  by  direct  experiments,  has  been  ascertained  to  be 
extremely  noxious  to  plants.  The  late  Mr.  Tennant,  to 
.whom  we  owe  this  fact,  was  informed,  that  in  the  neigbboiup* 
hood  of  Doncastcr  two  kinds  of  lime  were  employed,  one  of 
which  it  was  necessary  to  use  very  sparingly,  and  to  spread 
very  evenly ;  for  it  was  said,  that  a  large  proportion,  instead 
of  increasing,  diminished  the  fertility  of  the  soil ;  and  tbat^ 
whenever  a  heap  of  it  was  left  in  one  spot,  all  fertility  was 
prevented  for  many  years.  Fifty  or  sixty  bushels  on  an  acre 
were  considered  to  be  as  much  as  could  be  used  with  advaor 
tflge.  The  other  sort  of  lime,  which  was  obtained  from  a 
village  near  Ferrybridge,  though  considerably  dearer,  from  the 
distant  carriage,  was  more  frequently  employed,  on  account  of 
its  superior  utility.  A  large  quantity  was  never  found  to  be 
injurious ;  and  the  spots  which  were  covered  with  it,  instead 
of  being  rendered  barren,  became  remarkably  fertile.  On  exj- 
amining  the  composition  of  these  two  species  of  lime,  the 
fertilizing  one  proved  to  consist  entirely  of  calcareous  eartb, 
and  the  noxious  one  of  three  parts  lime  and  two  magnesia. 

The  presence  of  magnesia  in  lime  proved,  on  farther  inves- 
tigation, to  be  a  very  common  occurrence.  The  magnesian 
lime-stone  appears  to  extend  for  50  or  40  miles  from  a  little 
south-west  of  Worksop,  in  Nottinghamshire,  to  near  Ferry- 
bridge, in  Yorkshire,  and  it  has  also  been  found  at  Breedoo, 
and  Matlock,  in  Derbyshire,  and  in  various  other .  parts  of 
England.* 

The  magnesian  lime^stone,  according  to  Mr.  Tennant, 
may  easily  be  distinguished  from  that  which  is  purely  caica- 
reous,  by  the  slowness  of  its  solution  in  acids,  which  is  so  con- 
siderable, that  even  the  softest  kind  of  the  former  is  much 
longer  in  dissolving  than  marble;  it  has  also  frequently  a  crys- 
tallized structure ;  and  sometimes,  though  not  a)ways»  sindl 
black  dots  may  be  seen  dispersed  through  it.     In  the  coaa- 


*  See  Phillips's  Geology  of  England  and  Wales,  page  80. 
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tries  where  this  lime^stone  is  found,  the  lime  is  generally  dis- 
tinguished, from  Its  effects  in  agriculture,  by  the  farmers,  as 
koi  Umef  in  opposition  to  the  purely  calcareouSf  which  they 
term  miU. 

To  ascertain,  by  chemical  means,  the  composition  of  a 
lime  or  lime-stone  suspected  to  contain  magnesia,  the  follow* 
iog  Is  the  easiest,  though  not  the  most  accurate,  process* 
Procure  a  Florence  flask,  clean  it  well  from  oil  by  a  little 
■oap-lecs  or  salt  of  tartar  and  quicklime  mixed,  and  break  it 
cS^  about  the  middle  of  the  body,  by  setting  fire  to  a  string 
tied  round  it  and  moistened  with  oil  of  turpentine.  Into  th^ 
bottom  part  of  this  flask  put  100  grains  of  the  lime  or  lime* 
atone^  and  pour  on  if,  by  degrees,  half  an  ounce  of  strong 
sulphuric  acid.  On  each  afiusion  of  acid  a  violent  efietYes- 
oence  will  ensue;  when  this  ceases,  stir  the  acid  and  lime 
together  with  a  small  glass  tube,  or  rod,  and  place  the  flask 
in  an  iron  pan,  filled  with  sand.  Set  it  over  the  fire,  and 
oontinue  the  heat  till  the  mass  is  quite  dry.  Scrape  ofi*  the 
dry  mass,  weigh  it,  and  put  it  into  a  wine  glass,  which  may 
be  filled  up  with  water.  Stir  the  mixture,  and  whetl  it  has 
stood  half  an  hour,  pour  the  whole  on  a  filtering-paper,  placed 
on  a  funnel,  and  previously  weighed.  Wash  the  insoluble 
part  with  water,  as  it  lies  on  the  filter,  and  add  the  washings 
to  the  filtered  liquor.  To  this  liquor  add  a  solution  of  half  an 
ounce  of  salt  of  tartar  in  water,  when,  if  magnesia  be  present^ 
m  very  copious  white  sediment  will  ensue;  if  lime  only^ 
merely  a  slight  milkiness.  In  the  former  case,  heat  the  liquor 
by  setting  it  in  a  tea-cup  near  the  fire;  let  the  sediment  snb* 
«ide;  pour  off  the  clear  liquor,  which  may  be  thrown  away, 
and  wash  thtf*  white  powder  repeatedly  with  warm  water. 
Then  pour  it  on  a  filter  of  paper,  the  weight  of  which  is 
known,  dry  it,  and  weigh.  The  result,  if  the  lime-stone  has 
been  submitted  to  experiment,  shows  how  much  carbonate  of 
magnesia  was  contained  in  the  original  stone,  or,  deducting 
€0  per  ceni,f  how  much  pure  magnesia  100  parts  of  the  limc- 
vtone  contained.  If  the  burnt  lime  has  been  used,  deduct 
Irom  the  weight  of  the  precipitate  60  per  cent,  and  the  re- 
mainder will  give  the  weight  of  the  magnesia  in  each  100 
gmins  of  the  burnt  lime. 
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Art.  II. — Analysis  of  Marls. 

The  ingredient  of  marls,  on  which  their  fitnets  for  agri- 
cultural purposes  depends,  is  the  carbonate  of  lime.  It  is 
owing  to  the  presence  of  this  earth  that  marls  efiervesce  on 
the  addition  of  acids,  which  is  one  of  their  distinguishing 
characters.  In  ascertaining  whether  an  effervescence  takes 
places  let  the  marl  be  put  into  a  glass,  partly  filled  with 
water,  which  will  expel  a  portion  of  air  contained  mechani* 
cally  in  the  marl,  and  thus  obviate  one  source  of  fallacy. 
"When  the  marl  is  thoroughly  penetrated  by  the  water,  add  a 
little  muriatic  acid,  or  spirit  of  salt.  If  a  discharge  of  air 
should  ensue,  the  marly  nature  of  the  earth  is  suificiently 
established. 

To  find  the  composition  of  a  marl,  pour  a  few  ounces  of 
diluted  muriatic  acid  into  a  Florence  flask,  place  them  in  a 
scale,  and  let  them  be  balanced.  Then  reduce  a  few  ounces 
of  dry  marl  into  powder,  and  let  this  powder  be  carefully  and 
gradually  thrown  into  the  flask,  until,  afVer  repeated  additions, 
no  farther  effervescenct  is  perceived.  Let  the  remainder  of 
the  powdered  marl  be  weighed,  by  which  the  quantity  pro- 
jected will  be  known.  Let  the  balance  be  then  restored. 
The  difference  of  weight  between  tlie  quantity  projected  and 
that  requisite  to  restore  the  balance,  will  show  the  weight  of 
air  lost  during  effervescence.  If  the  loss  amount  to  1 3  per  ceni. 
of  the  quantity  of  marl  projected,  or  from  IS  to  S2  per  cettt,^  the 
marl  assayed  is  calcareous  marl,  or  marl  rich  in  calcareoos 
earth. 

Clayey  marls,  or  those  in  which  the  argillaceous  ingredient 
prevails,  lose  only  8  or  10  per  cent,  of  their  height  by  this 
treatment,  and  sandy  marls  about  the  same  proportion.  The 
presence  of  much  argillaceous  earth  may  be  judged  by  drying 
the  marl,  after  being  washed  with  spirit  of  salt,  when  it  wiU 
harden  and  form  a  brick. 

To  determine,  with  still  greater  precision,  the  quantity  of 
calcareous  earth  in  a  marl,  let  the  solution  in  muriatic  acid  be 
filtered,  and  mixed  with  a  solution  of  carbonate  of  potassSi 
till  no  farther  precipitation  appears.  Let  the  sediment  sub- 
side, wash  it  well  with  water,   lay  it  on  a  filter,  previously 
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weighed*  and  dry  it.  The  weight  of  the  dry  mass  will  show 
how  much  carbonate  of  lime  the  quantity  of  marl  submitted 
to  experiment  contained. 

Art.  III. — Amlysis  of  Soils. 

Instroctionfl  respecting  the  analysis  of  soils,  adapted  to  po- 
pular use,  may  be  found  in  Sir  H.  Davy's  Elements  of  Agri- 
cultural Chemistry.  Their  length  only  prevents  me  from  in- 
serting them  in  this  place ;  but  this  is  of  the  less  importance, 
M  thqr  form  part  of  a  work  which  ought  to  be  in  the  hands  of 
•11  persons,  who  attempt  to  practise  agriculture  on  fixed  and 
principles. 


•  • 
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oPNsnrriNaoF 

VARIOUS   USEFUL  TABLES. 


CORRESPONDBNCB   BfiTWBlCN   BNGtlSR   AND   FOREIGN 
WEIGHTS   AND   MEASURES.'*'' 


l.-^Englhk  Weights  and  Measures. 
Troy  Weight. 

Pound,  ,    Ounces.     Drms.     Scroples.      Onins.  Gnunmes.. 

1     =     12  s=  96  =5  288  =s  5T60  =±  372.96 
1   =  .  8   as     24  =     480=     81.08 
1    =        8   =       60  =        3.885 
1   =       20  =       1.295 

1   =       0.06475 

Ayoirdupois  Weight. 

Bottiid.       Onucei.    Drms.  Gmtni.  Gtamm^. 

1     8     16  ==  256  »  7000.  =3  458.25 

1   s     16  rs  487.5  =     28.828 

1  s=       27.34875  =       1.7705 

Measures. 

Gal.  Pints.    Oances.      Drms.  Ch^.  Iftcli.  Utrei. 

1      r=     8   =    128   s   1024  =  281.  a:  8.78515 

Is:     16  —     128  s     28.875     s  0.47898    . 

1    =s         8  s       1.8047  ^  0i)2957 

1  s       0.2256  s  0.00896 

N.  B. — The  English  ale-gallon  contains  282  cubical  inches  r 

-  ...      ■    I ..  ■ .  1 .  1 1 . .  ■     I       ,■  ■ 

*  For  Iha  mosl  eomplete  and  MitlieBtic  accottiit  of  the  oonesfiooclfliifio 
tween  English  and  foreign  weighu  and  meaforety  the  readsr  ia  referred 
the  last  edition  of  Dr.  Kelly's  tTmverstfl  Camhrst.    '  - 


or  rather,  according  to  the  report  of  tlic  Commissioners  a|}- 
pointcd  to  consider  the  subject  of  weights  and  mcasuro, 
277.3  cubic  inches,  the  cubic  inch  being  found  to  weigh 
252.72  parliamentary  grains  of  water  at  62°.  Hence  the  weij^ 
ofone  gallon  of  water  at  62°  Faht.  is  10  poundi  avoirdupoii. 
(Quarterly  Journal,  xi.  378.)  The  wine  pint  is  equivilenlW 
7272  grains  troy  of  waler  at  62°  Faht.  or  28.875  cubiaJ 
inches. 

II. — German. 

71  lbs.  or  grs.  English  troy  ....  =   7*  lbs.  or  grs.  Geniiiii 

apothecaries  weij,*!. 

1  oz.  Nuremberg,  medic,  weight  =   7  dr.  2  sc.  9  gr.  Engli^- 

1  mark  Cologne    =  7  oz.  2  dwt.  t  gr.  Eog^ 

troy. 

Ill— Dttlck. 

1  lb.  Dutch  =  1  lb.  3  oz.  16  dwt.  7  gr.  Engliab  WJ. 
787i  lbs.  Dutdi  =:   1038  lbs.  Eoglish  troy. 

IV. — Swedish  JFeighls  and  Aleasurts,  iised  ly  Bergman m 
Schee/e. 

The  Swedish  pound,  which  is  divided  like  the  Eoglitl) 
apothecary,  or  troy,  pound,  weighs  6.556  grs.  troy. 

The  kanne  of  pure  water,  according  to  Bergman,  weigbi 
42250  Swedish  grains,  and  occupies  100  Swedish  cubicu 
inches.  Hence  the  kanne  of  pure  water  weighs  4-8088.71WW 
English  troy  grains,  or  Is  equal  to  189.9419  English  cubic 
inches ;  and  the  Swctlisb  longitudinal  inch  is  equal  to  1.238U5 
English  longitudinal  inches. 

From  these  data,  the  following  rules  are  deduced : 

1.  To  retlucc  Swedish  longitudinal  inches  to  English,  ni^ 
tiply  by  1 .2384,  or  divide  by  0.80747. 

2.  To  reduce  Swedish  to  English  cubical  inches,  mulliplT 
by  1.9,  or  divide  by  0.5265. 

3.  To  reduce  the  Swedish  pound,  ounce,  dram,  scniplet  o' 
grain,  to  the  corresponding  English  troy  deaomiaation,  m^ 
tiply  by  1.1382,  or  divide  by  ,8786. 
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4.  To  reduce  the  Swedish  kannes  to  English  wine  pints, 
multiply  by  .15202079  or  divide  by  6.57805. 

5.  To  reduce  Swedish  kannes  to  English  wine  gallons,  mul- 
tiply by  .822259  or  divide  by  1.216. 

6.  The  lod,  a  weight  sometimes  used  by  Bergman,  is  the 
Sid  part  of  the  common  Swedish  pound  of  16  oz.  and  the 
24th  part  of  the  pound  of  12oz.  Tlierefore  to  reduce  it  to 
the  English  troy  pound,  multiply  by  X)d557|  or  divide  by 
28.1156. 

V. — Correspondence  of  English  Weights  and  Measures  with 
those  used  in  France  previously  to  1795. 

§   1. — WBIGHTS. 

The  Paris  pound,  poids  de  marc  of  Charlemagne,  contains 
9216  Paris  grains;  it  is  divided  into  16  ounces,  each  ounce 
into  8  gros,  and  each  gros  into  72  grains.  It  is  equal  to  7561 
English  troy  grains. 

The  English  troy  pound  of  12  ounces  contains  5760  Eng- 
lish troy  grains,  and  is  equal  to  7021  Paris  grains. 

The  English  avoirdupois   pound   of  16  ounces   contains 

7000  English  troy  grains,  and  is  equal  to  8532.5  Paris  grains. 

To  reduce  Paris  grains  to  English  troy  grainy  ^ 

divide  by    I 

•        >  1  * 
To  reduce  English  troy  grains  to  Paris  grains,  |    *' 

multiply  by    J 

To  reduce  Paris  ounces  to  English  troy,  divide  *\ 

by  I 

To  reduce  English  troy  ounces  to  Paris,  mul-  /'^•^^^734 

tiplyby J 

Or  the  conversion  may  be  made  by  means  of  the  following 
tables: 

1. — To  reduce  French  to  English  Troy  IVeight. 

The  Paris  pound  ==  7561.         "\ 

The  ounce  =  472.5625  (  ^     , 

The  gros  =  59.070S  T  ^"S***  ^7  V^^^ 

The  grain  =  .8204  J 


.2189 


m 
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585.0833 
73.1354 

39.2541 

M.3784 
1.2189 


>*  Paris  graint*. 


2.— To  reduce  English  TVoy  io  Paris  Weight. 

The  English  troy  pound  of  IS  7  _  7021, 

ounces ••••••  5 

The  jtroy  ounce ;  •  •      = 

The  dram  of  60  grains = 

The  penny-weight  or  denierl 
of  .24  grains J   ^ 

The  scruple  of  20  grains  • «.  •  •      as 

The  grain  •  •  •  • •      = 

3 — To  reduce  English  Awirdupm  to  Paris  Weight. 

The  avoirdupois  ponnd  of  16V  _.  aflSB         1   * 
ounces,  or  7000  troy  grains  J  *  >  Paris  grs. 

The  ounce * =     rf3S.626oJ 

§  II. — LONG  AND  CtTBICAJL  MBASITRBS. 

To  reduce  Paris  running  feet»  or  inches,  into 

English,  multiply  by   

English  running  feet,  or  inches,  into  Paris,  #  **""^77 

divide  by •  • •  • 

To  reduce  Paris  cubic  feet^  or  inches,  to  En-'\ 

glish,  multiply  by f 

English    cubic    feet,    or    inches,    to    Paris,  r  1*2 11 278 

divide  by J 

Or  by  means  of  the  following  tables : 

4«— -To  reduce  Paris  Long  Measure  to  English, 

The  Frendi  toise  =:  6.3945  English  feet. 
The  Paris  royal  foot  of  12  inches  s=  12.7977  "J 

The  inch =    h0664  I 

The  line,  or  1^12th  of  an  inch  =      .0888  /-English  inches. 
The  l-12th  of  a  line =      ,0074  j 

5. — To  reduce  English  Long  Measure  to  French. 

The  English  foot   =   1 1.25961 

=       .9383  ] 

=       .1173  J^Paris  inches. 

i=       .0938 

=        .0782 


The  inch 

The  l-8th  of  lui  inch 

Trtie  l-lOth    

The  1.13th    
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6. — To  reduce  French  Cube  Measure  to  English. 

The  cubic  inch      =   .000700  J  feet,  or  L  1.211S78J 

7. — To  reduce  English  Cube  Measure  lo  French.* 

The  English  cube  foot,  or\  _  .  .^^  aw^aI 

1728  cubical  inches       J  "  a*^v-*»^*  /   French  cubical 

The  cubical  inch    =  .8260  (       inches. 

The  cube  tenth =  .0008  J 

§    III. — MEASURB  OF   CAPACITY. 

The  Paris  pint  contains  58.145f  English  cubical  inches, 
and  the  English  wine  pint  contains  28.875  cubical  inches;  or 
the  Paris  pint  contains  2.0171082  English  pints,  and  the  En« 
glish  pint  contains  .49617  Paris  pints;  hence. 

To  reduce  the  Paris  pint  to  the  English  '\ 

multiply  by f 

To  reduce  the  English  pint  to  the  Paris,  f    ^•^171082 

divide  by j 

The  septier  of  Paris  is  7736  French,  or  9370.45  English, 
cubical  inches;  and  the  muid  is  92892  French,  or  112445.4 
English  cubical  inches. 

*  To  convert  the  weighs  of  &  French  cubic  foot,  of  any  particttlftr  sul>- 
•Uncei  given  in  French  grainsy  into  the  corresponding  weight  of  an  English 
cubic  foot  in  English  troy  grainsi  multiply  the' French  grains  by  0,6773181, 
and  the  product  is  the  number  of  English  troy  grains  contained  in  an  En- 
glish cubic  foot  of  the  same  substance. 

t  It  i«  said  by  Belidor,  ^rcAtV.  Hydraul.  to  contain  3i  os.  64grs.  of 
water,  which  makes  it  58.075  English  inches;  but,  as  there  is  considerable 
uncertainty  in  the  determinations  of  the  weight  of  the  French  cobical  me»- 
•ore  of  water,  owing  to  the  uncertainty  of  the  standards  made  use  of,  it  is 
better  to  abide  by  Mr.  Everard's  measure,  which  was  made  by  the  Eiche- 
qiier  standards,  and  by  the  proportions  of  the  English  and  French  foot,  as 
established  by  the  French  Academy  and  Royal  Society. 

According  to  Beaum^,  the  Paris  pint  contains  89  French  ooncet  of  water, 
mt  the  temperature  of  54^.5  Fahrenheit ;  wbidi  would  make  it  equal  to 
59.7f0  English  cvbical  inches. 
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Table  showing  the  Comparison  between  French  and  English 

Grains.    (Paid  de  Marc) 


Freoch  gn. » 

English  grs. 

EngUftli  grs.  « 

>  French  gra. 

*  1 

0.8203 

1 

1.2189 

2 

1.6407 

2 

2.4378 

3 

2.4611 

3 

.S.6568 

4 

3.2815 

4 

4.8757 

5 

4.1019 

5 

6-0947 

6 

4.9223 

6 

7.3136 

7 

5.7427 

7 

8.5S25 

8 

6.5631 

8 

9.7516 

9 

7.3835 

9 

10.9704 

10 

8.203 

10 

12.189 

20 

16.407 

20 

24.378 

SO 

24.611 

30 

36.568 

40 

32.815 

40 

48.757 

50 

41.019 

50 

60.947 

60 

49.223 

GO 

73.136 

70 

57.427 

70 

85.325 

80 

65.631 

80 

97.515 

90 

73.835 

90 

109.704 

100 

82.03 

100 

J  21 .89 

200 

164.07 

200 

243.78 

300 

246.11 

300 

365.68 

400 

328.15 

400 

487.57 

500 

410.19 

500 

609.47 

600 

492.23 

600 

731.36 

700 

574.27 

700 

853.25 

800 

656.31 

800 

975.15 

900 

738.85 

900 

1097.04 

1000 

820.3 

1000 

1218.9 

2000 

1640.7 

2000 

S437.8 

3000 

2461.1 

3000 

3656.8 

4000 

3281.5 

4000 

4875.7 

5000 

4101.9 

5000 

6094.7 

6000 

4922.3 

6000 

7313.6 

7000 

5742.7 

7000 

8532.5 

8000 

6563.1 

8000 

9751.5 

9000 

7383.5 

9000 

1 0970.4 

*  10,000 

8203.0 

10,000 

12189.0 

Per  Farey  (Nicholson's  Joaraal,  xxii.  SSB),  1  grain  Fronch  »  OStOi 

Foiglisb ;  10,000  ditto  •-  8804  ditto. 
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Table  showmg  the  Gnnparison  between  French  and  English 
Cubical  Inches,  the  tatter  being  equhmknt  to  252.75  grains  of 
uMiter  at  62°  Fahl.    {See  p.  602.) 


Culie  Inchci. 

CMc  hch,.. 

Frencb,  -  English 

English,  -  French. 

1 

1.2136 

1 

0.8239 

2 

2.4272 

2 

1 .6*79 

3 

3.6108 

3 

2,4719 

4 

4.8544 

4 

3.2958 

5 

6.0681 

r, 

4.1 198 

6 

7.2817 

6 

4.9438 

7 

8.4953 

7 

5.7077 

8 

9.7089 

8 

6.5917 

9 

10.9225 

9 

7.4157 

10 

12.1.S6 

10 

8,239 

20 

24.272 

20 

16.479 

30 

36.408 

30 

24.719 

40 

48.544 

40 

32.958 

50 

60.681 

50 

4I.I98 

60 

72.817' 

60 

49.438 

70 

84.953 

70 

57.677 

80 

a? -089 

«0 

65.917 

90 

109.225 

90 

74.157 

100 

121.36 

100 

82.39 

200 

24'i.72 

200 

164.79 

500 

364.08 

300 

247.19 

400 

4S5.4^ 

400 

329.58 

oOO 

606.81 

500 

411.98 

600 

728.17 

600 

494.38 

700 

849.53 

700 

576.77 

800 

970.89 

800 

659.17 

900 

1092.25 

900 

741.57 

1000 

1213.6 

lOOO 

823.9 

2000 

2427.2 

2000 

1647.9 

3000 

3640.8 

3000 

2471.9 

4000 

4854.4 

4000 

3295.8 

5000 

6068.1 

7281.7 

5000 

4119.8 

eooo 

6000 

4943.8 

7001) 

8495.3 

7000 

5767.7 

sooo 

9708.9 

8000 

6591.7 

90O0 

10922.5 

9000 

7415.7 

10.000 

12186.0 

10,000 

8339.0 

608 


APPENDIX. 


Millimetre 

Centimetre 

Decimetre 

Metre* 

Decametre 

Hecatometre 

Kilometre 

Myriometre 


Millilitre 

Centilitre 

Decilitre 

Litre 

Decalitre 

Hecatolitre 

Kilolitre 

Myriolitre 


Yds.  Feet.  In. 
10     2     9.7 
109     1     1 
21 S     1  10.2 
156     0     6 


New  French  fVeighls  and  Measures  (calculaiad  by 

Dr.  Dtmcanf  jun.) 

1 . — Measures  of  Length  ;  the  Metre  being  at  S2^, 

and  the  Foot  at  69P. 

Boglbh  inches. 
=  .03937 

=  .59371 

=  3.93710 

=  3937100         MiLFnr. 

=  393.71000  =00 
=  8937.10000  =00 
=  39371.00000  =04 
=  393710.00000  =     6     1 

2. — Measures  of  Capacity. 

Cubic  inches. 
=  .06108 

=  .61028 

=  6.10280 

=  61.02800  =000.         2.1  ISS 

=         610.28000  =002.         5.1352 
=       6102.80000  =00     26.419 
=,610^8.00000  =10     12.19      _  _ 
=  610280.00000  =  10     1     58.9 

3. — Measures  oflVeight* 

English  Grains. 

=;  .0154 

=  .1544 

=  1 .5444 

=  15.4440 

=  154.4402 

=  1544.4023 

=  15444.0234 

=  154440.2344 


English. 
Tons.  Hcg^.  Wine.  G.  Pints. 


Milligramme 

Centigramme 

Decigramme 

Gramme 

Decagramme 

Hecatogramme 

Kilogramme 

Myriogramme 


Avoifdsipois. 
Pood.  Ouo.  Dram. 
0       0       6SB 
0       S       8.5 
2       S       5 

a      I      2 


•  Determined  by  Captain  Kater  to  be  39.370T9  inches.  (Phil.  Trans. 
181  By  p.  1090  In  the  Report  of  the  Commiflsiooers  appdinted  lo  cxmsidir 
the  sulject  of  Weights  and  Measnres,  the  length  of  a  peadahiiii,  supposed 
to  vibrate  seconds  in  London^  on  the  level  of  the  trnt,  at  69^  FalireDheii^  h 
99.1398  inches.    (Quart.  Joum.  xi.  ST8.)  _  _ 
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Specific  Graviiies  of  Solid  and  Liquid  Stibsiances.* 


GEMS. 

Diamond,  white  ori« 
ental 

Topaz,  oriental 

Sapphire,  oriental.  . . 

Garnet,  Bohemian  . . 

Beryl,  oriental 

Hyacinth,  common  . . 

Emerald,  from  Peru. . 

Crysolithe,  from  Bra- 
sil 

Amethyst,  oriental  . . 

Ruby,  oriental 

STONES,  &c. 

Ponderous  spar 

Porphyry 


3.5212 
4.0106 
3.9941 
4.1888 
3.5489 
3.6873 
2.7755 

2.6923 

2.651 

4.2833 


4.4300 
2.7651 


STONES,  &C. 

Jasper  brown.  • 

Granite,  Egyptian. . . 

Rock-crystal. . , 

Chalcedony,  bright . . 

Carrara  marble 

Alabaster,  oriental.  • . 

Carnelian 

Slate,    common,    for 

roofs • .  • 

Flint. 

Agate,  oriental 

Portland-stone 

Serpentine,  green,  Ila- 

Opal,  noble 

Pumice-stone 


Specific 
GraT. 


2.6911 
2.654i 
2.6530 

2.6640 
2.7168 
2.7303 
2.6137 


2.8535 
2.55)41 
2.590J 
2.533 

2.4295 

2.144 
0.9i45 


SALTS. 


Potassa 

Lime 

Magnesia 

Alumina 

Baryta 

Sulphate  of  potassa  . . 
alumina . 


llassrn- 
frai2. 


zmc 


.  •  •  * 


—  iron  . . 
copper 


*  •  •  • 


Nitrate  of  potassa 
Muriate  o\  soda.  . .  • 
Acetate  of  lead... . . 
Supertart.  of  potassa 
Suii-borate  o(  soda  • 
Carbonate  of  potassa 
■ soda . . . 


ammonia 


1.7085 
1.5233 
0.8460 
0.8200 
2.3740 
2.4073 
1.7109 
1.9120 
1 .8399 
2.1943 
1.9369 
2.2001 
2.3450 
1.9153 
1.7230 
2.0120 
1.3591 
0.9660 


Kirwan. 

Mufichen- 

br^eck. 

4.6215 

2.3908 

2.?70O 

2.3298 

2.0000 

4.0000 

2.636 

2.398 

1.7260 

1.9 

1.88 

223 

1.933 

1.901 

2.0835 

2.3953 

1.8745 

1.7170 

2.749 

1.421 

■ 

1.8245 

1.5026 

Newton* 


171* 
1.71S 


1.900 
2.143 


1.714 


*  For  the  specific  gravities  of  the  metals,  see  Table  of  the  QunUties  of 
Metals#  near  the  ckiie  of  this  Appendix. 
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Table  of  Specific  Gravities  of  Solid  tmd  Liquid 
Substances. — Continued. 


AND  vixriiri- 

CATIONS. 

Green  bottle-jilass.  . . 
French  crystal -glass. . 
French  mirror-olass, 
from  St.  GobVn  . . 
English  flint  glass . . 
Cfaina  porcelain  . . . 

INFLAMMABLES. 

Roll-sulphur 

Phosphorus  

Pit-coal 

Amber 

Heaviest  charcoal.. . 
Mineral  nn))htlia.. . 

Camphor 

Liquid  ammonia  . , , 


2.7325 
2.8i)22 

S.4882 
3.320-'J 
2.38t7 


1.990' 
I.7U 

1.3292 
1.0780 
0.4*1 

0.708 
0.9887 


Distilled  WAtcr. 1.0000 

Sea  water 1.0263 

Water  from  the  A»- 

phaltic  Sea 1.2103 


Sulphuricacidofcom- 
merce , 

Sulphuric  ncid,  real . . 

Nitric  acid 

Muriatic  acid 

Ck>nccnt rated  acetic 
acid 


SFiniTUODS  LIQUIDS. 

Madeira  wine 

Cyder 

Brown  heer 

Burgundy  wine  .... 
Champagne  wine. . . 


1.8500 
2.1250 
1.5S00 
1.19*0 

1.0626 


1.0382 
1.0181 
1.0338 
0.9915 
0.962 


SrtHITUOUS  LIQUIDS. 

Brandy 

Alcohol* 

Nitric  elher 

Acetic  ether 

Sulphuric  elherl' . . . . 
Muriatic  ether 


ETHEREAL   OILS. 

Oil  of  cinnamon  . . . 
Oil  of  cloves. ...... 

Oil  of  lavender 

Spirit  of  tuq>entiue . 


Linseed  oil 

P?Pl>.Voil 

Oil  ol  sweet  almonds. 
Olive  oil , , . . 


ANIMAL   FLUIDS. 

Asses'  milk 

Cows'  milk 

Human  milk 

Human  urine 


ANIMAL    FATS,    &C. 

spermaceti. 

Buiter 

Tallow 

Mutton  suet 

Train  oil 

Hogs' lard 

Ivory 

Bees'  wax 


GUMS. 

Common  j;um  . 


0.8371 
0.8293 
0JWS8 
0.8664 
0.7396 
0.7296 


1.0439 
1.0»63 
0.8938 
0.8697 


0.9403 

0.9388 
0.9170 
0.9153 


I.03.M 
1.0324 
1.0203 
1.010G 


0.9433 
0.94S3 
0.9419 
0-9235 
0.9235 
0.9568 
1.825 
04^648 


•  Per  Cbuissiar  0.7980. 


t  Per  Loviti  O.estO. 


SPKCiri#^dRAVlTI£S. 
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Taile  of  Specific  Gravities  of  Solid  and  Liquid 
Substances, — Continued, 


GUMS. 

Gum  Arabic • . 

Gum  tragacanth  •  •  • . 

GUM    RESINS. 

Assafcetida ......... 

IScamnionium,  from 

Smyrna 

Galbanum 

RESINS. 

Guaiacum 

Jalap 

Ammoniacum  ...... 

Benzoe 

Sandarac 

White  resin 

Colophony 

Mastich 

Copal,  transparent  . . 
Elastic  resin 

INSPISSATED  JUICES. 

Aloe  succotrina.  . . . . . 

Opium 


1 .4523 
1.3161 


1.S275 

1.2743 
1.2120 


1.2289 
1  21S5 
1.2071 
1 .0924 
1 .0920 
1.0819 
1.0441 
1.0742 
1.0452 
0.9335 


1.3795 
1.3366 


WOODS. 

Lignum  guaiacum. . . 

Box  wood,  Dutch.  . . 

French  box  wood. . . . 

Ebony  

Heart  of  old  oak  • . . . 

Mahogany 

Olive  tree ^  , 

Mulberry  tree,  Spa- 
nish   

tjcecii  tree.  ........ 

Yew  tree,  Spanish . . . 

Apple  tree 

Plum  tree 

Maple  tree 

Cherry  tree 

Quince  tree 

Orange  tree 

Walnut  tree 

Pear  iree 

Cypress,  Spanish. . .  • 

Pme  tree 

White  Spanish  poplar 
tree 

Cork 


Specific 
Grav. 


1 .3330 

1 .3280 

0.912 

1 .20$0 

1.1700 

1.063 

0.9270 

0.8970 
0.8520 
0.8070 
0.7930 
0.7850 
0.7550 
0.7150 
0.7050 
0.7050 
0.6710 
0.6610 
0.6440 
0.5500 

0.5294 
0.2400 


2  nS 
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APPENDIX. 


Table  yor  reducing  the  Degrees  of  B^aum^s  Hydrometer  to  the 

Common  Standard. 

B^auin's  Hydrometer  for  Liquids  ligliter  than  Water. 


TeDipcreture  55^  Fahrenheit,  or  10^  Reauinur. 


Drg.  Sp.  Gr. 
10....  1.000 
11 990 

12 985 

IS 9/7 

U 970 

15 ^968 

16 ^)55 

n 9*9 


Deg. 

Sp.Gr. 

Deg. 

Sp.  Gr. 

Deg. 

18... 

..     .9^2 

26.., 

.  .    .892 

34..  . 

19.., 

.    .935 

27... 

. .    .886 

35... 

^0... 

..    .928 

28  . . . 

. .    .880 

36... 

21... 

. .    .922 

29.., 

. .    .874. 

37... 

22.., 

..    .915 

SO... 

..    .867 

38... 

23..  < 

..    .909 

31..  , 

. .    .861 

39  .  . . 

24... 

. .    .903 

82... 

. .    .^56 

40... 

25.., 

..    .897 

33... 

..    .852 

Sp.  Gr. 

.2^47 
.842 
.837 
.832 
.827 
.822 

.81t 


B^aum's  Hydrometer  for  Liquids  heavier  than  Water. 


Temperature  56^  Folirenheit,  or  10^  Reaumur. 


Deg.  Sp,  Gr. 

0....  1.000 
S..,.  1.020 
6..  ..1.040 
9..  ..  1.064 

12 1.089 

15....  1.114 


D«f. 

Sp.  Gr. 

21... 

.1.170 

24... 

.  1.200 

27... 

.  1  .^30 

30..  . 

.1.261 

38  . . . 

.  1 .295 

36... 

.  1.333 

39 . . . 

.  1.873 

Deg.           Sp.  Gr. 

Deg. 

Kp.Gr. 

42....  1.414 

63.. 

..1.779 

45,...  1.455 

66.. 

. .  1.848 

48....  1.500 

69.. 

..1.920 

51 1,547 

72.. 

. .  2.000 

54 ....  1 .594 

57 1.659 

60....L717 

.ADMEASUREMENT  AND   EFFECTS   OF   HEAT. 


1. — Correspondence  between  different  Thermometers. 

Fahrenheit's  thermometer  is  universally  used  in  this 
kingdom.  In  this  in.strument  the  range  bntween  the  freezing 
and  boiling  points  of  water  is  divided  into  180°;  and  as  the 
greatest  possible  degree  of  cold  was  supposed  to  be  that  pro* 
duced  by  mixing  snow  and  muriate  of  soda,  it  was  made  the 
zero.  Hence  the  freezing  point  became  32°,  and  the  boiling 
point  21 2^ 
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The  Centigrade  thermometer  places  the  zero  at  the  freezing 
point,  and  divides  the  range  between  it  and  the  boih'ng  point 
into  100^.  This  has  long  been  used  in  Sweden  under  the 
title  of  Celsius's  thermometer. 

Reaumur's  thermometer,  which  was  formerly  used  in  France, 
divides  the  space  between  the  freezing  and  boiling  of  water 
into  80^,  and  places  the  zero  at  the  freezing  point. 

Wedgwood's  pyrometer  is  only  intended  to  measure  rrry 
high  temperatures.  Its  zero  corresponds  with  1077°  of  Fah- 
renheit's, and  each  degree  of  Wedgwood  is  equal  to  ISO^  of 
Fahrenheit. 

De  Lisle's  thermometer  is  used  in  Russi^.  The  graduation 
begins  at  the  boiling  point,  and  increases  towards  the  freeting 
point.  The  boiling  point  is  marked  0,  and  the  freezing 
point  150°. 

Therefore  180°  F.  =  100°  C.  =  80°  R.  =  150°  D.«i|W. 

1.  To  reduce  centigrade  degrees  to  those  of  Fahrenheit^ 
multiply  by  9  and  divide  by  5,  and  to  the  quotient  add  32, 

C    X  9 

that  is,-^-^ h  32  =  F.    Another  rule  is  given  vol.  i.  p.  160, 

note. 

2.  To  reduce  Fahrenheit's  degrees  to  centigrade, -^-^^^ 

=  C. 

3.  To  reduce  Reaumur's  to  Fahrenheit's,  we  have  the  fol- 
lowing formula,  — ^j h  32  =  F. 

4.  To  convert  Fahrenheit  to  Reaumur,    '    ' *  =  R. 

5.  To  reduce  De  Lisle's  degrees  under  the  bulling  point,  we 
have  F.  =  212 ~^.     To  reduce  those  above  the  boiling 

pomt,  F.  =  212  +  —3—. 

6.  And,  inversely',  to  reduce  Fahrenheit's  degi*ees  to  De 
Lisle's^  under  the  boiling  point, ^ — '  =  D.;  above  the  boil- 

F.  X  5-1060        T^ 

mg  pomt, g =  JJ. 

7.  To  reduce  Wedgwood's  degrees  to  tliose  of  Fahrenheit, 
we  have  W.  x  130  -f  1077  ==  F. 

F  —  1077 

8.  Inversely,  to  reduce  Fahrenheit  to  Wedgwooil, -^-jrj— 
=  W. 
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TABLB  or  TUB  BFFECTS  OF  flBAT. 


Fahrenheit. 

-  55 

-  46 

-  45.5 

-  45 

-  39 

-  36 

-  SO 

-  22 

-  11 

-  7 
+  1 

4 

7 

8 

16 

20 

23 

25 
28 
30 
32 
36 
42 
46 
50 
64 


Table  of  lite  principal  Effects  of  Heat, 
1. — Freezing  Points  of  Liquids. 

Strongest  nitric  acid  freezes  (Cavendish) 

^tber  and  liquid  ammonia 

Nitric  acid,  specific  gravity,  1.424 

Sulphuric  acid,  specific  gravity,  1.6415 

Mercury 

Sulphuric  acid  (Thomson) 

Nitric  acid,  specific  gravity,  1.407 

Acetous  acid 

2  alcohol,  1  water 

Brandy 

Strongest  sulphuric  acid  (Cavendish) 

Common  salt  1  part,  water  3  parts 

Common  salt  1,  water  4 

Sal  ammoniac  1 ,  water  4 

Oil  of  turpentine  (Macquer) 

Strong  wines 

Fluoric  acid 

Oils  bergamot  and  cinnamon 

Human  mood 

Vinegar 

Milk 

Water 

Olive  oil 

Sulphuric  acid,  specific  gravity,  1.741 

Sulphuric  acid,  specific  gravity,  1.78  (Keir) 

Strong  acetic  acid 

Oil  of  aniseeds,  50  (Thomson) 


2'"MeUing  Points  of  Solids. 

40  Eoual  parts  of  sulphur  and  phosphorus 

82  Aciipocire  of  muscle 

97  Lard  (Nicholson) 

90  Phosphorus 

104  Resin  of  bile 

1 0.9  My  rtle  wax  ( Cadet) 

Stearin  from  hog's  lard 

}  ]  2  Spermaceti  ( Bostock ) 

127  Tallow  (Nicholson)  92  (Thomson) 

149  Bees'  wax 

145  Ambergris  (La  Grange) 

J50  Potassium 

155  Bleached  wax  (Nicholsou) 
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Fkbren. 

Wedg. 

190 

21 2 

218 

234 

235 

283 

303 

334 

442 

460 

476 

612 

680 

809 

3809 

21 

4587 

27 

4717 

22 

5237 

32 

17977 

130 

20577 

150 

21097 

154 

21637 

158 

21877 

160 

23177 

+  170 

96 

126 

140 

145 

170 

176 

2I'2 

219 

225 

230 

242 

248 

283 

316 

540 

55i 

570 

590 

600 

1 

Sodium 

Bismuth  5  parts,  tin  3,  lead  2 
Sulphur  (Dr.  Thomson) 
Sulphur  (Hope)  212  (Fourc)  185  (Kirw.) 
Adipocire  of  biliary  calculi  (Fourcroy) 
Tin  and  bismuth,  equal  parts 
Camphor 

Tin  3,  lead  2,  or  tin  2,  bismuth  1 
Tin  (Chrichton)  413  (Irvine) 
Tin  1,  lead  4 
Bismuth  (Irvine) 

Lead  (Chrichton)  594  (Irv.)  540  (Newton) 
Zinc  (Davy)  698  (Brogniart) 
Antimony 
Brass 
Copper 
Silver 
Gold 
Cobalt 
Nickel 
Soft  nails 
Iron 

Manganese 

Platinum,  tungsten,  molybdena,  uraniumf 
titaniuQi,  &c. 

3. — Solids  and  Liquids  volalilized. 

Ether  boils 

Bisulphuret  of  carbon  boils 

Liquid  ammonia  boils 

Camphor  sublimes  (Venturi) 

Sulphur  evaporates  (Kirwan) 

Alcohol  boils,  174  (Black)  173  (sp.gr.  800) 

Water  and  mosst  essential  oils  boil 

Phosphorus  distils  (Pelletier) 

Water  saturated  with  common  salt  boils 

Muriate  of  lime  boils  (Dalton) 

Nitrous  acid  boils 

Nitric  acid  boils 

White  arsenic  sublimes 

Oil  of  turpentine  boils  (Ure) 

Metallic  arsenic  sublimes 

Phosphorus  boils 

Sulphur  boils 

Sulphuric  acid  boils  (Dalton)  546  (Black) 

Linseed  oil  boils,  sulphur  sublimes  (Davy) 
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Ffthren. 

660 


-  90 

-  50 

-  23 

-  U 

0 


Wcdg 


4- 


43 
59 
66 
75 
77 
80 
88 
96 
107 
122 


1G5 

303 

635 

800 

802 

1050 

1207 

1337 

1857 

2897 

6277 
8487 
10177 
122.57 
13297 
14-337 
14727 
15637 
15897 
16007 
16807 
17327 
205'?'^ 
25127 


1 

f   2 

6 

14 

40 

57 

70 

86 

94 

102 

105 

112 

114 

121 

124 

125 

150 

185 


I 


Mercury  boils  (Dal ton)  644  (Secondat) 
600  (Black)  672  (Irv.)  656  (Petit  &  Dulong) 

^.^•^ Miscellaneous  Effects  of  Heat. 

Greatest  cold  produced  by  Mr.  Walker 

Natural  cold  i)bserved  at  Hudson's  Bay 

Observed  on  the  surface  of  the  snow  at  Glas- 
gow, 1780 

At  Glasgow,  1780 

Equal  parts,  snow  and  salt  (or  3,  or  even  7i 
below  (f) 

Pliosphorns  burns  slowly  * 

Vinous  fermentation  begins 

to  135,  Animal  putrefaction 

to  80»  Summer  heat  in  this  climate 

Vinous  fermentation  rapid,  acetous  begins 

Phosphorus  burns  in  oxygen,  104  (Gottling) 

Acetification  ceases 

to  100,  Animal  temperature 

Feverish  heat 

Phosphorus  burns   vividly   (Fourcroy)  14S 
(Thomson) 

Albumen  coagulates,  156  (Black) 

Sulphur  burns  slowly 

Lowest  heat  of  ignition  of  iron  in  the  dark 

Hydrogen  burns,  1000  (Thomson) 

Charcoal  burns  (Thomson) 

Iron  red  in  twilight 

Iron  red  in  day  light 

Azotic  m%  burns 

Enamel  colours  burned 

Diamond  burns  (M'Kenzie)  30  W.  =  5000  F. 
(Morveau) 

Delft  ware  fired 

Working  heat  of  plate  glass 

Flint  glass  furnace 

Cream-coloured  ware  fired 

Worcester  china  vitrified 

Stone  ware  fired 

Chelsea  china  fired 

Derby  china  fired 

Flint  glass  furnace  greatest  heat 

Bow  china  vitrified 

Plate  glass  greatest  heat 

Smith  s  forge 

Hessian  crucible  fused 

Greatest  heat  observed 
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Elasticity  of  Aqueous  f^aponr  below  32®  according  to  Dalton, 


40° 

•30 

-20 

10 

0 

1 

2 

3 

4 


'I    • 


s 


O    V 

h.  ^  S 


0.013 
0.020 
0  030 
0.04-3 
0.064 
0.066 
0.068 
0.071 
0  074 


5® 

6 

7 

8 

9 
10 
11 
12 
IS 


SI 

2.5 


a 


0.076 
0.079 
0.082 
0.085 
0.087 
0.090 
0.093 
0.096 
0.100 


i 
I 

B 
«» 

H 


u° 

15 

16 

17 

18 

19 

20 

21 

22 

^  s 

I 

b.  .5 


3 

a 


0.104 
0.108 
0.112 
0.116 
0.120 
0.124 
0.129 
0.134 
0.i39 


23'' 

24 

25 

26 

27 

28 

2.9 

SO 

31 


0.144 
0.150 
0.156 
0.162 
0.168 
0.174 
0.180 
6.186 
0.193 


Table  of  the  Fbrce  of  Aqueous  Vapour  above  32®  Fahrenheit. 

(I'roin  Dr.  Thomson^i  Chemistry,  6(h  edition,  i.  61.)* 


Puree  of  rapour  In  Inches  o(  mcrcarj. 

Force  of  vapoor  la  Inches  ot 

meiCMffj. 

Tcoape- 

Tempe- 

rat are. 

Robkon.l 

Dalton.        l/'rp.        Southern 

rature. 

Rubtton.    Dalton,         Vrt* 

Soatheni. 

S20 

0.0 

0.200 

0.200 

0.16 

5G^ 

0.458 

33 

0.207 

51 

0.174 

34 

0.214 

58 

0.490 

35 

0.221 

59 

0  507 

36 

0.229 

60 

0.35 

a524 

0.516 

37 

0.237 

61 

0.542 

38 

0.21-5 

^ 

62 

0.560 

0S« 

39 

0.2r4 

63 

0.578 

40 

0.1 

0263 

0.250 

61- 

0.597 

41 

0.273 

65 

0.616 

0.630 

42 

0.2S3 

0.23 

66 

0.635 

43 

0.291. 

67 

0.655 

44 

0.305 

68 

0676 

45 

0.316 

69 

0.698 

46 

0.328 

70 

0.55 

0  721 

0.726 

47 

0.339 

71 

0.745 

48 

0.351 

72 

0.770 

0.73 

49 

0.363 

73 

0.796 

50 

0.2 

0.375 

0.360 

74 

0.823 

51 

0.388 

75 

0.851 

0.860 

52 

0.401 

0.35 

76 

0.880 

53 

0.415 

77 

0.910 

54 

0.429 

78 

0.940 

55 

0.443 

0.416 

79    I 

0.971  I 

•  A  Table  for  practical  om  U  glfen  bv  Mr.  Philip  Taylor,  FhiL  Ma|.  U.  45f; 


APPBSDIX. 
Table  mattaaed. 


r>Re»f«poul> 

lilrtW  ofBWOfT. 

r«>  tr  niw»  1.  tew.  <«  ■«»;. 

T«a^- 

0Jt2 

DJ1«. 

V*      |S»*«, 

«„.;«**_,  r^««.|    v^. 

*■*■ 

BO- 

1.00 

1.010 

128" 

+.11 

SI 

1.01 

129 

+.22 

S2 

1.07 

1.02 

130 

s.as 

4.3+ 

+.366 

Sit 

MO 

131 

+.47 

S* 

1.14 

132 

4.60 

+.71 

85 

1.17 

1.170 

I  S3 

4.73 

86 

1.21 

13* 

4.86 

87 

1.2+ 

135 

SJOO 

sxno 

S8 

1.28 

136 

5.14 

89 

1.32 

137 

5.29 

90 

1.18 

1.36 

1.360 

138 

5.4+ 

91 

1.+0 

139 

.5.59 

m 

1.+4 

1.42 

1*0 

5.15 

5.7+ 

5.770 

93 

I.+8 

1+1 

5.90 

9* 

1.53 

1+2 

6.05 

6.10 

95 

1J8 

1.640 

1+3 

6.21 

96 

1.63 

1+4 

637 

97 

1.68 

l\5 

6J3 

6.600 

98 

1.7+ 

146 

6.70 

99 

1.80 

1*7 

6.87 

100 

1.6 

1.8^ 

1.860 

148 

7.05 

101 

152 

1+9 

7.23 

108 

liB 

1.96 

150 

6.72 

7.42 

7.530 

103 

2.0* 

151 

7.61 

IQV 

2.11 

152 

7.81 

T.90 

105 

2.18 

2.100 

153 

8.01 

106 

2.25 

15+ 

8.20 

107 

2.32 

155 

8.+0 

8.500 

108 

2.39 

156 

8.60 

109 

2.4e 

157 

8.81 

no 

1.15 

2J3 

2.456 

158 

9.02 

111 

2.60 

159 

9.2+ 

112 

2.68 

2.66 

160 

8.65 

9.46 

9.600 

113 

2.76 

161 

9.Grl 

lU 

2.8+ 

lti2 

9.91   ■ 

IOjM 

11.'; 

2.92 

2^10 

163 

10.15 

116 

300 

I6t 

lO.+l 

117 

3fl8 

165 

10.68 

10.800 

118 

.1.16 

166 

10.9G 

11!) 

3.25 

167 

11.25 

120 

S.0 

3d3 

3.300 

168 

11.5+ 

121 

3.42 

169 

li.SS 

132 

3.50 

3.58 

170 

11.05 

12.13 

12.050 

123 

3-59 

171 

12.+3 

12+ 

S.69 

172 

12.73 

12.7! 

J23 

3.7° 

3.830 

173 

13.02 

l-iG 

3.89 

17+ 

13.33 

127 

+.00 

175 

13.62 

13.550 
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Table  continued. 


Pmm  •€  vlpoDr  fai  iachn  of  nwmuy. 

Wotm  of  fapoiir  la  {acbcs  at  mncary. 

||T»pe.  1 

UWnn, 

IlaUos. 

Ure. 

SootlMrB. 

ntniv.    lltoliiMB. 

DallOB.  1 

Uie. 

Sotttbmu 

13.92 

221 .6^ 

• 

36.700 

14.^2 

222 

36.25 

14.52 

223 

36.88 

14.83 

224 

37.53 

14.05 

15.15 
15.50 

15.160 

225 
226 

38.20  J 
38.89 

)9.110 

15.86 

16X)1 

226.3 

40.1001 

16.23 

227 

39.59 

16.61 

228 

40.30 

17.00 

16.900 

229 

41.02 
41.75  43.100 

17.40 

230 

44.5 

17.80 

230.5 

43.500 

18.20 

231 

42.49 

18.60 

232 

43.24 

17.85 

19.00 

19.000 

233 

44.00 

19.42 

234 

44.78 

19.86 

20.04 

234.5 

46.800 

20.32 

235 

45.58 

47.220 

20.77 

236 

46^ 

21.22 

21.100 

237 

47.20 

21.68 

238 

48.02 

22.13 

238.5 
239 

50.30 

22.69 

48.84 

23.16 

240 

54.9 

49.67 

51.70 

22^ 

23.64 
2412 
24.61 

23.600 

24  61 

242 
245 
248.5 

53.88 

53.60 
56.34 
60.40 

25.10 

250 

66.8 

58.21 

61.90 

60.00 

25.61 

255 

62.85 

67.25 

26.13 

25.900 

260 

80.3 

67.73 

72.30 

26.66 

265 

7W6 

78.04 

27.20 

|270 

94.1 

77S5 

00.30 

27.74 

275 

83.13 

93.48 

ag 

280 

105.9 

88.75 

101.90 

28.65 

28.880 

285 

94.35 

29.41 

285.2 

112.20 

30  00 

30.000  30.00 

290 

100.12 

120.15 

30.60 

1 

1293.4 

120,00 

31.21 

•295 

105.97 

129.00 

31.83 

300 

111.81 

139.70! 

32.46 

305 
310 

117.68 

15056 

\          1 

33.40 

123.53 

161.30 

33.09 

'312 

166.25 

33.72 

320 

135.00 

34.35 

330 

35.8 

34.99    SSSa 

J 

340 

35.63               I 

»43i5 

S40JOO 

6f0 
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Table  of  the  Elastic  F^ces  of  the  Vapours  of  Alcohol,  Oil  of 
Turpentine^  and  Petroleum  or  Naphtha,  in  inches  of  Mercury. 
By  Dr.  Ure.  (Phil.  Trans.  1818.) 


Alcohol  (ip.  gr. 
0.813.) 

Alcobckl  (tpecillcfraTity 
O.SIS.) 

PMioiCtiiii. 

Temp. 

Force  of  Va- 
pour 

Temp. 

Fbrce  of 
VaiKNir. 

Temp. 

Force  of 
Vapour. 

32 

0.40° 

193.3° 

46.60^ 

316'' 

30.00^ 

40 

0..56 

196.3 

50.10 

320 

31.70 

45 

0.70 

200 

5:5.00 

325 

34.00 

50 

0.86 

206 

60.10 

330 

36.40 

55 

1.00 

210 

65.00 

:     33.5 

38.90 

60 

1.23 

214 

69.30 

340 

41.60 

65 

1.49 

216 

72.20 

345 

44.10 

70 

1.76 

220 

78.50 

350 

46.86 

75 

2.10 

225 

87.50 

355 

50.20 

80 

2.45 

230 

94.10 

360 

53.30 

85 

2.93 

232 

97.10 

^65 

56.90 

90 

3.40 

236 

103.60 

370 

60.70 

95 

3.90 

238 

106.90 

372 

61.90 

100 

4.50 
5.20 

240 
244 

111.24 
118.20 

375 

64.00 

105 

Oil  of  Tamcatinc. 

110 
115 

6  00 

247 

122  10 

■ 

7.10 
8.10 

1     •>  *  1 
248 

249.7 

A  A*f  1  V/ 

126.10 
131.40 

Temp. 

Force. 

120 

304^ 

30.00° 

125 

0,25 

250 

132.30 

307.6 

32.60 

130 

10.60 

252 

138.60 

310 

33.50 

135 

12.15 

254.3 

143.70 

315 

35.20 

140 

1 3..00 

258.6 

151.60 

320 

37.06 

145 

13.95 

260 

155.20 

323J 

37.80 

150 

18.00 

262 

161.40 

i     326 

40.20 

155 

20.30 

264 

166.10 

330 

42.10 

160 

22.60 

!     336    J 

45.00 

165 

25.40 

340        1 

47.30 

170 

28.30 

343 

49.40 

173 

30.00 

347 

51.70 

178.3 

33.50 

350 

53.80 

180 

34.73 

■ 

354 

56.60 

182.3 

36.40 

357 

58.70 

185.3 

39.90 

360 

60.80 

190 

43.20 

362 

62.40 

EXPANSION   OF  AIR  BY   HEAT. 
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Table  of  the  Exparwon  of  j4ir  and  other  Gases  {supposed  dry) 

by  Heat,     By  Mr.  Dalton.* 


Fabreo. 

Falireo. 

Fabreu. 

32 

....  1000 

59 

.... 

1064 

86 

1123 

33 

....  1002 

60 

.  • . . 

1066 

87 

1125 

Si 

..  ..  1004 

61 

•  •  •  • 

1069 

88 

1128 

35 

....  1007 

62 

.... 

1071 

89 

1130 

36 

1009 

63 

.  a  •  • 

1073 

90 

1132 

37 

1012 

64 

.... 

1075 

91 

1134 

38 

....  1015 

65 

.... 

1077 

92 

1136 

39 

....  1018 

G6 

.... 

1080 

93 

1138 

40 

..  .  1021 

67 

.... 

1082 

94 

1140 

41 

....  1023 

68 

•  •  .  • 

1084 

95 

1142 

42 

1025 

69 

.  .  •  • 

1087 

96 

1144 

43 

1027 

70 

.... 

1089 

97 

1146 

44 

loao 

71 

.... 

10^1 

98 

1148 

45 

1032 

72 

•  •  .  • 

1093 

99 

1150 

46 

....  1034 

73 

.... 

1095 

100 

1152   , 

47 

1036 

74 

•  .  •  • 

1097 

110 

I17« 

48 

1038 

75 

.  .  •  . 

1099 

120 

1194 

49 

1040 

76 

.  .  .  . 

1101 

130 

1215 

50 

1043 

77 

.... 

1104 

140 

1 235 

5i 

....  1045 

78 

.... 

1106 

150 

1255 

52 

....  1047 

79 

.  .  .  . 

1108 

160 

1275 

53 

1050 

80 

.  •  .  . 

1110 

170 

1295 

54 

1052 

81 

a  •  •  . 

1112 

180 

1315 

55 

....  1055 

82 

•  .  .  . 

1114 

190 

1 334 

56 

1057 

83 

.  •  .  • 

1116 

200 

1354 

51 

....  1059 

84 

•  .  .  . 

1118 

210 

1372 

58 

1062 

85 

•  a  .  . 

1121 

212 

1376 

*  The  numbers  in  the  Table  are  derived  from  the  results  of  Mr.  Daltoii*ft 
own  eiperiments,  which  give  l-48Sd  part  for  the  expansion  of  air  hj  each 
degree  ot*  Fuh^  between  S^o  and  819^.  Gay  Lussac  found  that  100  volumes 
at  ^9!^  becom?137  5  at  212^  Faht.  which  gives  l-480ih  for  each  degree  of 
Faht.  (Annaies  de  Chimic,  xiiii.  170.)  The  same  law  be  afterwards 
aM:ertained  to  extend  to  condcnsible  vapoursi  when  excluded  from  contact 
with  the  liquids  which  afforded  them. 


622 


APPENDIX. 


Tab!e  ojthe  Expansion  of  Liquids  from  32^  /o  212^,  their  h 

at  32°  being  supposed  1. 


Liquid*. 

Muriatic  acid  (sp.  gr.  1.137) 
Nitric  acid  (sp.  gr.  1  .iO)  . . . 
Sulphuric  acid  (sp.  gr.  1.85) 

Alcohol   

Water 

Water  saturated  with  com- 1 

nion  salt J 

Sulphuric  ether 

Fixed  oils    

Oil  of  turpentine 

Mercury 

Ditto   

Ditto    

Ditto   

Ditto   

Ditto   

Ditto   


Aotltoritj. 


DHaiatioa 
In  Dt-ciimlf. 


v«4f.fr 


DaltOQ 

Ditto  .  , 
Ditto  . . 
Ditto., 
Ditto  . , 


Ditto 


Ditto 

Ditto 

Ditto 

Ditto 

Ld.  C.  Cavendish 
Shuckburgh,  &c. 

Gen.  Roy 

Hncllstroem  .... 

Laiande 

Petit  and  Dulong 


0.06D00 
0.11000 
0.06000 
0.11  OCX) 
0.04600 


0.05000       y, 

0.07000 
0.0»00(> 
0.07000 
0.02000 
OX)  1 872 
0.01852 
OX)  1680 
0.01758 
0.01500 


A 

nV 


O.O180180iTr: 


r» 


Dr,  Youngs  TahU  of  the  Expansion  of  Heater  from  the  Expe- 

riments  of  Gilpin  and  Kir  wan. 

N.  B.  Denoting  a  degree  of  Fahrenhcit*8  Therraoraeter,  bjr/ 
the  expansion  of  water*  reckoning  either  way  from  -f  39"^,  is  neirhr 
represented  by  0000022/ •—.000000004'35y». 

Temp.  Obtervcd  expauion. 

30  G .00020 

32  G .00012 

34.  G 00006 

39  G 00000 

41  G .00C06 


48  G .00018 

49  G 00022 

54  G .00049 

59  G 000S6 

64  G 00133 

69  G 00188 

74  G .00251 

79  G .00321 


90  G 


Cakrahited. 
.00018 
.00011 
.00005 
.00000 
.00005 
.00018 
.(XX)22 
.00048 

.00130 
.00186 
.00251 
.00326 


100  G .00692 

102  G 00760 

122  G 01258 

142  G 01833 

162  G 02481 

182  G 03198 

202  G 04005 

212  G.  , .04333 


•00491 00513 


.00720 
.00763 
.01264 
.01859 
.02512 
.03219 
.03961 
•04322 


DEGRRBS  MARKED   UPON  TBERMOMBTERS. 
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Tobk  by  De  Luc«  exhibiting  the  Degrees  marked  upon  Ther^ 
tnometersjilled  with  different  Liquids  at  the  same  Tempera^ 
ture. 

N.  B.  To  comprehend  the  meaning  of  this  Table»  it  must  l)e 
understood  that  different  thermometers  (each  filled  ^'\i\\  the 
particular  fluid  marked  at  the  tops  of  the  columns,  and  each 
being  divided  into  80  equal  parts  between  the  freezing  and  boil- 
ing water  points),  are  placed  with  their  bulbs  in  the  same 
vessel  full  of  water,  and  that  the  water  is  gradually  heated. 
Then  when  the  mercurial  thermometer  is  at  5°,  10^  15°,  &c. 
the  surfaces  of  the  fluids  in  the  other  thermometers  will  be 
found  at  the  degrees  which  stand  ou  the  same  levels.  For 
instance,  when  the  mercurial  thermometer  stands  at  40°,  the 
water  thermometer  will  be  found  at  20.5°;  the  spirit  thermo- 
meter  at  35.1°;  the  oil  thermometer  at  39.2^«  &c. 


Mcrcuiy. 

OliTe  oil. 

Essentittl 

oil  of 
cbaiuomile. 

E«sentui1  oil 
of  tbymc. 

Alcohol  capa- 
ble of  firing 
ganpowder. 

Water  tato- 
rated  with 
common  mH. 

Water. 

80.° 

80.° 

80.° 

80.° 

80.° 

80.° 

80.° 

75 

74.6 

74.7 

74.3 

73.8 

74.1 

71.0 

70 

69.4 

69.5 

68.8 

67.8 

68.4 

62.0 

65 

6^.4 

64.3 

63.5 

61.9 

62.6 

53.5 

60 

59.3 

59.1 

58.3 

56.2      ; 

57.1 

45.8 

BB 

54.2 

53.9 

53.3 

50.7 

51.7 

38.5 

50 

49.2 

48.8 

48.3 

45.3 

46.6 

32.0 

45 

44.0 

43.6 

43.4 

40.2 

41.2 

26.1 

40 

39.2 

38.6 

38.4 

35.1 

36.3 

20.5 

35 

34.2 

33.6 

33.5 

80.3 

31.3 

15.9 

30 

29.3 

28.7 

28.6 

25.6 

26.5 

11.2 

25 

24^ 

23.8 

23.8 

21.0 

21.9 

7.3 

20 

19.3 

18.9 

19.0 

16.5 

17.3 

4.1 

15 

14.4 

14.1 

14.2 

;     12.2 

12.8 

1.6 

10 

9.5 

9.3 

9.4 

7.9 

8.4 

0.2 

5 

4.7 

4.6 

4.7 

3.9 

4.2 

0.4 

0 

0.0 

0.0 

1       0.0 

0.0 

0.0 

0.0 

-  5 

1 

-  3.9 

-  4.1 

—  10 

1 
( 
( 

-  7.7 

-  8.0 
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Table 'flfie  Erpansion  of  Solids  by  Heal. 

N.  B.  The  linear  eitiuniion  by  being  heated  from  98«  b)  SIC 

Falit.  is  hero  to  he  uiKkTstood.    The  expaiiaion  in  volume  nay  be 

learned  by  muttiplying  (he  decinial  ^uaniilice  by  ibree,  or  dJTidii^ 

the  jenominalors  of  the  vulgar  fractions  by  three. 


Sulklncn  tlltd. 

httkoAXj. 

1«WU.. 

A  1" 

Sm--a[oQ 

I.0010S300 
I.00i39i00 
1.0018667 1 
I.O0I87S00 
1.0019.1000 
1.0019DS00 
1.0017224* 
1.00170000 
1.001 7 1 821 

1.00087572 
I.O0O8SO0O 
1.C0077615 
1.00080787 
1.00081166 
1.00089760 
1.000861SO 
1.00155155 

1.00146606 

1.00125800 

1.O01 18203 

1.00110940 

1.00122045 

l.OOI 23504 

1.00284836 

1.00286700 

1.002283 

[.0010000 

1.00099180 

1.00086655 

1.0088420 

1.00190868 

1.0020826 

1.0025080 

1.0020580 
1.00193300 
1 .00107875 
1.00122500 
1.00107956 
1.00183956 

Uitio 

Lavaisier  and  Laplace 

■ 

rh 

Ditto                  ... 

rh 

Lavoisier 

Glas*    tube     without  \ 

Petit  and  Dulong ..... 

TTI 

load  (crown)    ....  J 

General  Roy 

,-,■.. 

English  flint 

Ditto 

Peiit  and  Dulong 

Gold,    Paris  ilandardl 
not  (olluned J 

Iron.'""..::::::::" 

Petit  and  Dulong    .... 
General  Roy    

. cnst  (prism)    .... 

Lead 

Ditto  .              

Borda       

.... 

Ditto        

Petit  and  Dulong 

tVtt 

■7*. 
T4r 

Sotaer,BDft(lcad2,tinl) 
spelter  (brass 2,1 

Spetdura' metal'."!!!. 

Ditto 

■rir 

——  tempered   , .  :  . . 

Ditto 

VRIGOtlflO  ICIXTURB8. 


BU 


*tiA,   IftimooJik 

■         Malacca.  ••••••• 

— —  Grain 

Zinc 

——hammered   .balH 
indi  per  foot    '...j 


Table  coniinued. 

Lavoisier • 

Ditto 

Smeaton  ..••••• 
Ditto 


Ditto 


1.00817298 
1.0019S765 
1.00248300 
1.00294200 

1.00301100 


TfAleSf  exhWiiing  a  collective  View  of  all  the  Frigorific  Mix^ 
tares  toniamed  in  Mr.  Walke/s  Publicaiion,  1808. 

(CcmimaBicated  by  Mr.  Walker.) 

1^ — Tablej  consisting  of  FtigoriHc  Mixtures^  having  the  Power 
^^eneratingf  or  creating  Coldj  without  the  Aid  ofloe^  ntf' 
jmenijbr  aUusefiil  ana  philosophical  Purposes^  in  any  Part 
^ihe  JVbrld  ai  any  Season. 

Frigorifle  Mlzliirei  witboat  Icf. 


MIXTURES. 

Tbermometer  sinks. 

Def.br  told 
prodaeed.  . 

Jfariate  of  anoionia. . 
inifate  of  poUaa.  • . . 
Water 

5  parti 
5 
16 

From  +b0^io+  10^ 

40 

Mariale  of  aaunonia. . 
jntiato  of  potaiia .... 
Brttpftateofaoda    •••• 
Wator 

5  parti 
5 
8 
16 

From  -f  50<)  to  +  do 

40 

NltnUe  of  awBonla  . . 
Water 

1  part 

From  +  60©  to  +  4« 

40 

Hllrate  of  anaooia  . . 
OvMaale  of  Mda  •  •  •  • 

1  part 

1 

From  +  600  to  —  I* 

M 

iolphalcofioda 

DIMMI  auric  acid  ... 

3  parti 

S 

From -f  500 to-8o 

as 

IkMaieofioda 

Nitialc  of  poMMia .... 
miolcdaitricacid.... 

6  paru 

8 

4 

From     50oto-]0o 

00 

■ 

aalphale  of  Mda 

Kiirate  of  ammooia  .. 
Dilated  aitric acid.... 

tf  parii 
5 

4 

From  +50^10-140 

64 

Pboipbate  of  loda. . . . 
Dilated  nitric  acid 

9  parti 

From  +500to-l2o 

68 

PlMnphate  of  soda. . . . 
NItimto  of  anoionia.  . . 
Dilated  niUicacid... 

9  paru 
6 

4 

From       60oto-2lo 

71 

Salpbaie  of  soda. ..... 

Mariaticacid 

8  parts 
5 

From+50otoO* 

60 

aalpbaie  of  soda 

Dilalcd  lolphuric  acid. 

5  parts 

From  +  SCO  to  +  30 

47 

N.  B.— If  the  materials  are  mixed  at  a  warmer  temperature,  thaa  that  ex- 
picsMd  in  the  Table,  the  effect  will  be  proportionably  greater  |  thai,  if  the 
BMit  powerfol  of  theie  mixtures  be  aiade,  when  the  air  if  -f  86*,  it  will  liok 
Ihe  thenaoaicter  to  -f  80. 

TOL.  II.  2  8 


—Table  consisting  of  Fngorijic  Mixlmes,  comfmsed  ^  Ja^ 
wUk  chemical  Salts  and  Acids. 

Frigotlfic  Ultlarei  wllb  Ice. 


MIXTURES. 

7^ 

Snow,  ar  paundcd  ice. 

«pori. 

ft  pRTU 

10 
5 

1'- 

6 

H 

s 
1 

^          lo-S" 

• 

Boow,   or  pounded  ice 

MyrinleoftDda 

ltutm<>or«omo»i<... 

(D-ii» 

• 

S»w,  M  iKiuRdrd  icr. 

Uurlaleofioda 

HDTinleoFumnoDiii.. 
Nllrateof  polBisH.... 

eo-iB" 

• 

Mnriolcofioda    

Ntlnteoroinmaoia  .. 

I    '-"■ 

■ 

','•■'• 

From  +  3S"lu-S3" 

Diloled  lulphnric  acid 

Spun 

From +  380  10 -a7« 

MgrUlicacid 

•««w 

DiUlednilrlcacid.... 

;,„,. 

From  +  3t»lo-30» 

ea 

.,.„. 

From  +  SS''Io-*0-> 

Muriate  of  lime 

.,.„ 

Cryil.  muriBleoflinie 

Po[a«a 4 


From  +  3! 


N.  B.— The  rtaton  for  ihe  oniiuiitM  ip  titr  IdsI  coIuoid  of  Ihli  TabU,  i>,  Ik 
thumoneler  liaking  Id  Ihne  nUlnrei  to  Ihe  de|ree  raealiaoed  io  tit  fnaiiH 
column,  and  aetti  lower,  wlutevernw}  be  Ihe  lempeninie  of  the  ■umiil' 
*l  mixlnt. 
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ible  ^onsisiing  of  Frigarific  Mixtures  selected  from  the 
ginng  TableSf  and  ccmhined^  so  as  to  increase  or  extend 
i  to  the  extremest  Degrees. 

Combinatioiii  of  FrigoriBc  Miztoret. 


MIXTURES. 

TbermomeCer  sinks. 

Dei;,  of  cold 
produced. 

late  of  foda. . .  •    3  paru 
fofaamonia...    3 
f  DiCricacid....     4 

From  00  to -340 

34 

• 

mte  of  soda. ...    3  p^rta 
rof  ammoDia...    8 
i  nixed  acids  . .     4 

From -340  to- 500 

16 

•  ••••••••••.•••     3  parti 

From  0«  to  — 460 

^  ^* 

i  nitric  acid....     2 

46 

8  parts 

i  folphoric  acid.    3 
1  nitric  acid. ...    3 

Fron-  100  to -560 

46 

,. 1  part 

From-S0oto-60o 

i  folphoric  acid.     1 

40 

3  parts 

From +800  to -48* 

eoflioie 4 

68 

.  ■••..•.■■...>     3  Darts 

Fron+100to-54« 

e  of  line 4 

64 

* 2  parts 

teofline 3 

From  - 150  to-  68O 

53 

.......>.......     1  Dart 

From  0*  to  —  669 

nariateof  lime    9 

66^ 

1  part 

noriate  of  lime    3 

From  — 40O  to— 730 

33 

.,.,,,. 8  Darts 

From  -  68^  to  —  OP 

i  salplittnc  acid.  10 

93 

—The  oiaterials  in  the  linC  column,  are  to  be  cooled,  prerionily  to 
to  the  temperature  required,  by  mixtares  taken  from  either  of  the 
If  tables. 
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2. — Table  cansisiing  of  Frigorific  Mixtures^  composed  of  Ice^ 

with  chemical  Salts  and  Adds. 

Frigorlic  Viztaret  with  Ice. ' 


MIXTURES. 

Tliennonicter  sinks. 

Dcg.ofc«ld 
prodoccd. 

Snow«  or  pouiNicd  ice.    8  p»ru 
Mariateofioda 1 

s 

1 

/"      to-y> 

• 

SnoWy  or  pounded  ice.    6  parts 

If  arifUe  of  toda % 

M  ariate  of  aamonia. .     1 

to- 190 

• 

Snowy  or  pouaded  ice.  94  paru 

Moriate  of  ioda. 10 

M nriate  of  amiaonia.  •     5 
Nitrate  of  potaisa  . . .  •    5 

to-I8o 

0 

Snow,  or  poandcd  ice .  19  parU 

If  ariate  of  soda    5 

Nitrate  of  ammonia  ..     5 

to -91^ 
\ 

• 

Soow • 3  pai  ti 

From  +  39»  to  -  930 

•  K 

Dilated  lalpharlc  acid.    8 

55 

Saow ..••••    8  Darts 

From +  390  to -97« 

Moriaticacid 5 

of 

*  Snow .•.....•    7  parts 

From  +  39<'  to—  SCP 

Dilated  nitric  acid ....     4 

tn 

Saow'..*. .••    4  parts 

From  +  390  to-40o 

Marialeoflime 5 

79    ' 

'Saow 9  parts 

From  +  3S9  to  *  500 

Cryst.  mariate  of  lime .    3 

88 

" Soow  ..•••••.•••••••.    3 parts 

Potassa 4 

Tti 

om  •fSS^'to  — dl"* 

as 

K.  B.— TIm  reason  for  the  omimloas  in  tlie  last  colomn  of  this  TkUc,  it,  the 
Hmnannifter  sinkiaf  la  tliese  miztarcs  to  the  degree  mentioned  In  the  prccfdiif 
colomDy  and  ne? er  lower,  wiiatef  er  nay  ^  tlie  tenpenUaie  of  tiM  materials 
nt  mlilDg. 
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3. — Table  consisling  of  Frigorific  Mixtures  selected  from  the 
Joregoing  Tables^  and  combined^  so  as  to  increase  or  extend 
Cold  to  the  extremest  Degrees. 

CombiiuiUoiii  of  Frigorific  Miztorei. 


MIXTURES. 

Tbermometer  sinks. 

Dei;,  of  cold 
produced. 

Pho$pkaiU  of  f oda. ...     5  paru 
Diluted  oitric  acid....     4 

FromOoto-S4o 

34 

• 

Fhoipbale  of  soda. ...     3  p^rti 
Nicrate  of  ammonia. . .    8 
Dilofed  mixed  acidf  ..     4 

From -340  to- 50O 

16 

Snow • 3  parti 

FromQo  to  — 460 

M^ 

Dilated  nitric  acid....     2 

46 

Soonr.... 8  parts 

Diluted  iulplioric  acid.    S 
Dilated  nitric  acid ....    S 

From-  too  to -560 

46 

Snow.... 1  Dart 

From-S0oto-60o 

Dilated  tulphoric  acid.     1 

40 

Snow 3  parts 

From +800  to -48* 

Mariate  of  lime 4 

68 

Snow 3  paru 

Mariate  of  lime 4 

FroB+100to-54« 

64 

Sbow.. 2  parts 

Muriate  of  lime S 

From -ISO  to- 68O 

53 

Soow 1  Dart 

From0<>to-66o 

Crjst.  mariate  of  lime    9 

66 

Soow ^ . .  • .     1  part 

Crjst.  mariate  of  lime    3 

From -400  to -730 

33 

Snow 8  parti 

From  .  68O  to  -  9|o 

Dilated  solphuric  acid.  10 

93 

N.  B.— The  materials  in  the  lint  colitmn,  are  to  be  cooled,  prerioosly  to 
Billing,  to  the  temperature  required,  by  mixtares  taken  from  either  of  the 
preceding  tables. 
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TttUi^ftke  SohOUUf  ^SmUs  in  fykier/^ 


NAMES  OF  SALTS. 


BohibUitf  In  100  Vmt 

Water. 
At  60*         I      At  Sir 


Arsenic  . . . 
Beuzoic  • . . 
Boracic  .  •  • 
Camphoric  . 

Citric 

OnUic 

Mucic  •  •  •  •  I 
Molvbdenici 
Oxalic .... 
Suberic  •  %  •  < 
Succinic  •  . 
Tartaric  •  •  • , 


AGIOS. 


SALIFIABLE  BASES. 


Baryta   ......... ^ 

crystallisEed  . 

Lime 

Potasia  ...  * , 

Soda 

Strontia , 

crystallised 


SALTS. 

Acetate  of  ammonia . 
baryta  • . . 
lime  . .  •  •  < 
magnesia  . 
potassa. . , 


150. 
0.208 

1.04 
133. 
6.S 
0.84 


1 


6, 
0.69 
4. 
Very  soluble 


5. 

57. 
0.2 
Very  soluble 
do. 
0.6 
1.9 


Very  soluble 

do. 

do. 

do. 

100. 


4.17 
2. 
8.3 
200. 
66. 

0.1 

£0. 
50. 


50« 
Unlimitei 


50. 


*  This  Table,  from  the  impossibility  of  Ending  sufficient  data,  I  i 
aware  is  very  incomplete;  and,  in  several  instances,  I  have  little  doobc  tl 
the  degrees  of  solubility  assigned  are  erroneous.  The  subject  requires  i 
vcstigation,  and,  if  properly  pursued,  vvould  no  doubt  furnish  many  impi 
tant  results.  A  very  succesffuJ  beginoiog  has  been  made  by  Gay  Lbmi 
See  Aon.  of  Phil.  vol.  %r. 


SOLTFaiLITTO*  ULTI  IN  WAIH. 


TtAh  ^tke  SoMiiilif  i^SaU$  is  Water,~-Contmued. 


NAHBS  or  SALTS. 


SALTS. 

Acetate  of  soda  ..,,.... 

stroiilia 

Carbonate  of  ammonia . . 

baryta .... 

lime  .  ,,.. 

magnesia . 

potassa .  . , 

Eoda..  , , .. 

Btrontia    . . 

Campborate  of  ammonia 

baryta  . . 

lime  . . . . 

potaEsa., 

Citrata  orsoaa 

liroe 

Chlorate  of  baryta .,.,.. 
mercury .... 

potassa    .... 

Boda    ...... 

Chloride  of  barium   .... 

lead 

lim« .  .,,,.. 
magneuum  . 
mercury .... 
potauium  .. 

silver 

■odium  .... 
strontia  .... 
Muriate  of  ammonia .... 
Nitrate  of  ammonia  .... 
baryta  .,.,,, 
lime  ...,,,,. 
magnesia .... 

potassa 

soda 

strontia 

Oxalate  of  strontia 

Fhotphate  of  ammonia . . 
barytit .... 
lime 


Very  soluble 


40. 

+  30. 

100.; 

Insoluble 

do. 

0.0* 

0.0111 

2S. 

50. 

+ 

100. 

9i. 

59 

OVff 

35.42 

iO. 

150. 

Unlimited 

S3. 

100. 

50. 

200. 

8. 

85. 

400. 

100. 

+    100. 

1*.25 

100. 

33. 

+    100. 

100. 

200. 
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Table  of  Ineomfaiible  Salis.^ 

$AVtS^  INCOMPATIBLE  WITH 

1.  Used   alkaline  sul- /Nitrates  of  lime  and  magnesia, 
pbatea ^Muriates  of  lime  and  magnetia* 

r  Alkalisi 

2.  Sulphate  pf  lime  •.•.<  Carbonate  of  magnesia, 

/Mariate  of  baryta, 
r  Alkalis, 
.  I  J  Muriate,  8tc.  of  baryta, 

3.  Alum.  •  M  •  •  •  t  f  •  •  •  •<  Nitrate,  muriate,  carbonate  of  limc^ 

(^Carbonate  of  magnesia. 

!  Alkalis, 
Muriate,  See.  of  baryta, 
Nitrate  and  muriate  of  lime. 
Alkalis, 
Muriate,  &c  of  baryta. 
Earthy  carbonates. 
/  Sulphates, 

6.  Muriate  of  liaryta.  •  •  <  Alkaline  carbonates, 

L  Earthy  carbonates. 

C  Sulphates,  except  of  lime, 

7.  Mutate  of  lime  .  •  •  •  <  Alkaline  carbonates, 

^Carbonate  of  magnesia. 
^    «j.    .  .     r  f  Alkaline  carbonates, 

8.  Muriate  ofmagnesia.  I  Alkaline  sulphates, 

r  Alkaline  carbonates, 

9.  Nitrate  of  lime }  Carbonates  of  magnesia  9c  a}uii|infi| 

^  Sulphates,  except  of  Hone. 


Table  of  Equivaleais. 

In  the  fbllowing  Ihhle  of  Chemical  Equtvaknis,  which,  under 
another  view,  may  be  considered  as  denoting  the  relative  ^oeigkit  ef 
Me  aiami  of  bodies,  hjrdrogea  i»  expressed  by  1,  and  other  bo^es 
are  referred  to  it  as  a  standard.  This  appears  to  me  mere  eonva* 
aieat  than  the  employment  of  oxygen  as  the  unit  of  oompafisoii, 
because  all  bodies  lighter  than  oxygen  are*  in  the  laHer  OM^  no* 

•  That  is,  talts  which  cannot  exist  together  in  solation,  withevt  bhiImI 
deconipoKitioa.    Thii  iacompatihilky,  howeYsr,  it  is  Iq  be  aadeiilood,  eusli 

pnlj  in  solutions  of  a  certain  density. 
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ceuanly  expressed  by  fractional  numbers.  It  u  eaiy,  however,  to 
reduce  the  one  scale  to  the  other  by  the  rule  of  proportion.  Thug 
la  know  what  number  would  be  equivalent,  oxygen  being  suppoied 
I,  10,  or  100,  to  any  known  number  which  refera  lo  hydrogen  ai 
unity,  Eay  aa  S  i«  to  1,  10,  or  100.  so  is  the  known  equivalent  to 
the  equivalent  sought.  And  contrariwise,  when  we  have  a  seal*  of 
Bumbera  in  which  oxygen  is  represented  by  1,  10.  100,  &c.,  and 
muld  know  what  is  the  equivalent  of  any  of  those  numben,  hy< 
drogen  being  taken  as  unity,  say  as  1,  10,  or  100  to  S,  so  is  the 
given  equivnlcnt  to  the  equivalent  required. 

In  drawing  up  the  table,  I  huve  had  recoitrse  to  the  best  autho> 
lilies  both  original  and  compiled.  The  most  copious  Tables  hi> 
iberto  published  are  those  of  Berselius,*  Dr.  Thomson, -j-  and  Mr. 
Brande ;}  but  in  many  instances,  llieir  numbers,  as  well  as  my  own, 
are  to  be  considered  merely  as  approximations  ;  and  it  is  probable 
Ibat  there  are  few  numbers,  which  will  not  undergo  alteration  by 
the  subsequent  progress  of  chemical  science.  The  table  will  be 
rendered  much  more  useful,  if  accompanied  by  a  iogomelric  sliding 
icale,  the  application  of  which  to  this  purpose  was  a  happy  inven< 
tion  of  Dr.  WoDaston.  On  the  lixcd  part  of  this  instrument  may 
be  inscribedi  opposite  to  their  equivalent  numbers,  Ihe  names  ofsub- 
tancea ;  but  as  it  is  not  possible  to  include  on  a  single  scale  the 
names  of  all  substances,  those  may  be  selected  which  are  most  im- 
portant, and  moat  likely  lo  become  subjects  of  reference.  Or,  by  a 
little  practice,  a  scale  coutaining  nunilKri  onlj/  may  be  used  with 
facility,  tlie  names  of  subitances  being  in  this  case  imngined  lo  be 
placed  on  the  fixed  part  of  the  instrument,  opposite  to  their  re> 
prescntativc  numbers.  A  scale,  however,  on  which  names  are  In- 
scribed, is  best  adapted  to  beginners  ;  and  an  instrument  of  this 
kind  will  be  found  capable  of  affording  a  great  variety  of  infor- 
mation, important  both  to  the  scientific  and  practical  chemist. 

1 .  The  quantity  of  any  substance,  which  is  equivalent  to  a  given 
quantity  of  any  other  inscribed  on  the  scale,  niay  be  learned  by 
inspection.  For  example,  by  bringing  .'lO  on  the  slider  opposite  to 
magnesia,  or  to  its  equivalent  -0,  it  will  be  seen  that  50  parts  of 
tltat  earth  are  equivalent  to  70  lime,  120  poiaMn,  &c. 

2.  It  shows  the  quantity  of  each  base,  thai  is  equivalent  to  a 
given  quantity  of  any  acid.     Thus  50  on  the  slider  being  brought 

■    Euai  <Dr  la  Thiiiric  del  Prapartiani  Chimli|uc>,  Sto.  181 9. 

*  ijUra  ot  Chemblry,  vol.  iv.  6ih  edil. 

]  Qa»rt«rly  Jonriul,  ili.  49.    Ilii)  lat>le  u  gvUithti aito  lepsWely, 
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oppoute  to  sulphuric  acid,  or  to  its  equivalent  40,  it  sppevtAift 
50  fMUts  of  that  acid  saturate  25  of  magnesia,  95  lime,  00 
ice.  In  a  similar  manner,  the  scale  indicates  the  quantitiet  of 
ferent  acids  required  to  saturate  each  base ;  thus  50  pcurts  of  mag^ 
nesia  saturate  100  of  sulphuric  acHd,  135  nitric,  &c 

S.  It  enables  us  to  determine  by  inspection  the  propoitioM  of 
Ae  components  in  a  given  quantity  of  any  substance  of  knoim 
composition.  Thus,  by  bringing  100  on  the  slider  opposite  to  7S, 
the  equivalent  of  dry  sulphate  of  soda,  we  find  55^  on  the  didar 
opposite  to  the  equivalent  of  sulphuric  acid,  and  44.5  oppoeile  to 
the  equivalent  of  soda,  numbers  which  together  make  up  100  of  the 
salt. 

4;  It  expresses  not  only  the  proximate  but  the  ultimate  eleoMott 
of  compounds.  Thus,  keeping  the  slider  in  the  same  attuation  as  in 
the  last  case,  we  find  22.4  on  the  slider  opposite  to  16,  the  equiv»* 
lent  of  sulphur,  and  SS.l  opposite  to  24,  the  equivalent  of  3  pro* 
portions  of  oxygen ;  and  22.4  +  S3.1  make  up  together  6B^  sol* 
phurie  acid.  By  reference  to  the  equivalents  of  sodium  and  ozygtn, 
we  find  also  that  44  parts  of  soda  are  made  up  of  3S.4  sodium  and 
11.1  oxygen. 

5.  The  quantity  of  any  substance,  which  we  must  take  to  deconn 
pose  a  given  quantity  of  another  by  single  elective  attraction,  is  st 
once  taught  by  the  scale.    Thus,  if  we  wish  to  know  the  smallest 
quantity  of  sulphuric  acid  adequate  to  decompose  ^  100  parts  of 
chloride  of  sodium,  by  bringing  100  on  the  slider  opposite  to  chlo- 
ride of  sodium  or  its  equivalent  60,  we  find  66^  on  the  siidec.  oppo- 
site to  40,  the  equivalent  of  dry  sulphuric  acid ;  and  opposite  to  49^ 
the  equivalent  of  sulphuric  add  of  commerce,  we  find  81^  on  the 
slider.    We  roust,  therefore,  employ  ^\  of  the  former  or  81  (  of  the 
latter.    Again,  to  know  the  quantity  of  dry  sulphate  of  soda,  whidi 
would  result  if  all  the  common  salt  were  decomposed,  we  shall  find 
120  on  the  slider  opposite  to  the  dry  sulphate  or  to  its  equivalent 
72,  and  270  opposite  to  the  crystallized  sulphate  or  to  its  repie- 
sentative  number  162.    In  several  cases,    however,  la  order  to 
effect  a  complete  decomposition,  it  is  necessary  to  employ  more 
than  the  equivalent  quantity  of  the  decomposing  body.     (See  voL 
i.  p.  819.) 

6.  The  quantities  of  salts,  each  consisting  of  two  ingredients, 
that  are  required  for  mutual  decomposition,  may  be  learned  by  a 
similar  use  of  the  sliding  scale.  Supposing,  for  instance^  that  we 
have  83  parts  of  sulphate  of  potassa,  and  wish  to  know  the  quantity 
of  chloride  of  barium  required  for  their  decompoaition ;  Mng  83 
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Oil  the  wilder  opposite  to  sulphate  of  potassa,  or  to  88,  it  nrepresen- 
Cative,  and  opposite  to  106,  the  equivalent  of  chloride  of  barium, 
we  find  100  on  the  slider,  which  is  the  number  required.  The 
results  of  this  decomposition  may  also  be  learned  by  examlnmg  the 
instrument  when  in  the  same  situation  of  the  slider ;  for  opposite  to 
the  equivalent  of  sulphate  of  baryta  118,  we  find  on  the  slider  111, 
and  opposite  to  chloride  of  potassium  we  find  71.5  on  the  slider, 
tiie  two  last  numbers  indicating  the  resulting  quantities  of  the  new 
compounds.  Again,  from  the  weight  of  a  precipitate,  it  is  easy  to 
deduce  the  quantities  of  salts  which  have  afforded  it.  Thus,  if  we 
had  obtained  by  experiment  120  parts  of  dry  sulphate  of  baryta,  on 
bringing  that  number  opposite  to  its  equivalent  118,  we  see  at  once 
that  they  may  have  resulted  from  89^  of  sulphate  of  potassa,  and 
108  of  chloride  of  barium ;  and,  moreover,  that  120  parts  of  barytic 
Bulphate  are  composed  of  40.6  sulphuric  acid,  and  19.^  baryta ;  the 
sulphuric  acid  consisting  of  16.5  sulphur  and  24.1  oxygen,  and  the 
baryta  of  8.15  oxygen  and  71.25  barium. 

Other  applications  of  the  scale  of  equivalents  are  pointed  out  by 
Dr.  Wollaston  in  a  memoir,  explaining  its  principle  and  uses,  in* 
serted  in  the  Philosophical  Transactions  for  1814. 


Table  of  Chemical  Equivalents  or  Atomic  fVeiglUs. 


Acid,  acetic  real 50 

crystallized,  (1  water)  59 

arsenic C9 

anenioos 54 

benzoic 180 

bomcic  ? 88 

carbonic,  1  r.  +  8  ox 88 

chloric,  i  chl.  +  5  ox 76 

cbloriodic,  I  ctil.  -f  1  ind.  161 
cbloro*  carbonic,  1  cox. -f 

I  chl 50 

chloro-cyanic... 68 

chromic,  I  chr.  +  3  ox.. .  58 

citric  (dr>)    58 

crysuls,  (8  water). .  76 

colombic!' 158 

ferro-cyanlcP 67 

floobnric? 88 

fluosilicic 84 

formic 37 

gallic 63 

bydriodic 186 

hydrii-chloric 37 

bydro-cyanic,  I  cy.  +  1  byd,   87 

hydro  inlpharoos 115 

bydro-flnoric «•  17 


Acid,  hyponitroaiy  I  nit.  +  3  ox. 
bypophosphoroaiy  8  p.  -i- 

1  ox 38 

bypoiolphuroos,  1  i.  ^-  1 

ox 84 

hyposolphuric,  8i.  +  5ox.  78 

iodic,  1  iod.  +  5  ox. 165 

malic 60 

maogancseoos 58 

mangnoc»ic 60 

•          molybdic. 71 

muljbdous • 63 

moriatic • 37 

nitric  (real)  1  a.  +  5  ox. .  54 

(up.  gr.  1.5)8  water  78 

nitrous,  1  n.  +  4  ox 46 

oxalic  (dryr) 3# 

crystals  (4  water  T.)  78 

(Sdo.Berz.)  63 

perchloric,  1  chl.  +  8  ox.  100 

phosphoric,  I  p.  •!-  8  ox. .  88 

phosphorous,  1  p.  +  1  ox. 

porporic ••  • 

pyro-nric • 851 

laccholactic ^,,  105 

•elenic^  I  f •  -i-  8  ox ••••••  5t| 


AFflNDlS* 


4cl4«  fM«)iiHi.t«iM..i*M.»»«*    ^ 

miphari^  (ory)  1  s,  +  3  ox.    40 
t^.gr.  1.85(fwat)  49 

iiaplHiMif.  1  •-  •«•  9  9Z.«  •  99 

iflpbocj^nic  .^.., ,  61 

tsrtaric,  dry,  (6t  T.  A  R)  66 

cr7iUill(l  water)  16 

tMgltic  ,.,,...,,..,«•••  W 

•He? 100 

^coImI*  4  0l.  gw  ^  S  ai|.  wpour    46 

efyiUlliied,  (511  T.)  n 

waier. ; 468 

Alimiliiii,  (n  Pbillipt,  18 7.). ...    S6 

mlphate    ,., •••.     66 

illwiinmi,  (fo  T.  19  piHllipO  . .    18 

4piioaMi«.t.... ••...,.•    17 

bicarbonatefl  ain*  +  9c.«,  61 
carbanate,  lam,  -i-  1  e.a.  89 
ahlorala.  4ry,..,,,«,,r    98 

citrate,  do. « 76 

fluoborate,  do 89 

iBariate,  1  aai.  t  I  m,  a^    64 

nitraCCydry 71 

crystallized,l  wat.  80 

onliila«dry 68 

cryitalf,(l  wat.?)    68 

phosphate,  dry 46 

phosphite,  dry. .  • 87 

•accioate,  dry 67 

sulphate,  dry 67 

crystd.  (f  wat.)  75 

mlphite,  dry, 48 

tartrate,  do.... 83 

Antimony,  (Br.  45) 44 

chloride 80 

deatoxide,laoty.  +  H 

oi 66 

iodide , 160 

peroxide,  I  ant.  +  8  ox.    60 
protoxide,  1  anf.  +  1 

ox 68 

•alpharet,  1  ant.  +  1  s.    60 

tartariaed 288 

j|.rteniate  of  potassa,  dry 110 

soda,  dry ,....     94 

4nenlc •....    39 

cMorideof? 74 

Iodide? 163 

.salphnret  (orpiment)  ? . .     64 

(realgar)? 68 

Aiote 14 

Barinm 70 

chloride  of,  1  b.  +  1  chl..  106 

iodide 195 

peroxide,  1  b.  +  8  ox. ...     86 
protoxide,  1  b.  +  1  ox,. ..    78 

salphoret 86 

Baryta,  dry,  1  bariom  +  1  ox...  78 
crystallised  (90  water). .  868 
•cetfUe^dr^ ,,.,  188 


10     Bdry  tii»  fUTHi^l*  ?  ify 140 

arseoite?  do,^...,.., ...  139 
binhyposalphite,  1  b.  -f 

9ae 186 

blphosphate.dr^.,  ••..,.  134 

carbonate,  do 100 

chlorate,  do 164 

chromate.do.   .,.»,,.,.  ISO 

hydrate 858 

hydriodate,  dry ,.  894 

ioiUte,do 8a 

nitrate,  crysfd.  (no  water)  138 

oxalate,  dry 114 

ferro-cyanate i .  ••«••,.  141 
mariate,  crystd,  (8  wat,)  13S 

phosphate,  dry 16i 

photphiie, flo,..,, ,    88 

crystallised  (1 

water) 161 

salphate,  dry.., UQ 

solphiie,  do. •••  U8 

tartrate,  do 145 

tangstato,  do. •••••••••.  188 

BUmnth.t fi.f*« 71 

chloride,  I  b.  +  Ichl...   107 

iadato , 844 

nitrate,  dry  •,..,...,•••  133 

oxalate,  do 115 

oxida 78 

»absalphate,Sox.  b.  •!•  lac  977 

salphate,  dry 119 

salphnret • 87 

Borax 

Boron?. 6 

Cadminm 56 

chloride  .••«...•• 91 

nitrate,  dry 118 

oiide f 64 

phosplmte,  dry .......      98 

salphate,  do... ,.  104 

salphoret,  1  c  -i-  1 1...    78 

CSnlcium • 80 

chloride..,, 56 

iaoride  (floor  spfu*). ...    36 

oxide(lime) 88 

phospbnret  . .  • , 38 

sulpharet 36 

Calomel,  see  Mercury,  protochloride. 

Carbon «.......      6 

bisnlphoret,  1  car.  -i-  f  s.    38 

hydriodide ,.  139 

hydrochloride 43 

oxide  (gas)  1  «.  -h  1  ox, .  14 
perchloride,  8  car.  -h  3  d^l.  1 80 
protochloride,  1  +  l.,^«    48 

subchloride,  8  +   1 48 

Carbureted  hydrogen,  light,  I  c«r. 

+  8hyd , ,^      8 

Carbureted  hydrogen  (olellanf) 

1  +  1 7 

Pcriam? Mf.*.fM«f    46 


(:hbmical  xatritAiidm. 


6S7 


CiriiiBi,  protoxide? 54 

peroxide? k..     68 

GUoriae 36 

protoxide,  1  c.  +  1  ox. .    44 
peroxide,  1  c.  -f  4  ox.  ?      68 

Cftromiom • ..••    M 

protoxide 96 

deatoxide  (T.) 44 

OibaU,  («6T) 90 

arseniate,  dry 100 

chloride... 66 

niiraie,dry OS 

oxalate,  do 74 

peroxide,  1  c.  +  l^ox..     49 

phosphate,  dry 66 

protoxide,  1  c  -f  1  ox..     98 

folphate,  dry 78 

crystallized   (7 

water) 141 

•ulpboret 46 

Chloride  of  oi  trogco,  4  chl.  +  1  n.   1 58 

Colonbinm? 144 

Copper 64 

Acetate,  1  ac.  -t- 1  perox,.  ISO 

cryitd.  (6  water).  984 

binacetate,9ac.-f  1  perox.  180 

cryitd.  (9  water)  807 

biphospbatOi  (9  water)  ..  196 

bisulphate,  (bloe  vitriol)  160 

crystd.  (10  water)  950 

bisalphurel,  I  C.4*  9  •  ...     96 

binilrate,  1  perox.  •!-  9ac.  188 

iodide 189 

percbloride,  1  c.  +  9  chl. .  136 
protorhloride,  1  c.  •»•  1  cbl.  100 
protoxide,  1  c.  4-  1  ox...  79 
•obnitrate,  dry,  4  perox. 

+  1  ac 974 

iubacetate,9  perox.  +  1  ac.  178 
iubia1pbate,9perox.+  lac.  900 
CorrofiTc  sublimate,  tee  mercory.  . 

Cyanofco,  1  niir.  •»■  9  carb 96 

Elber,  lalphuric,  4  ol.  gat  +  1 

aq.  Tap.* 97 

narfatic,  1  ol.f^+lm.  a.  44 
chloric,  1  ol.  gas  + 1  ehlo.    49 

FIttorioe? 16 

Glacina 96 

CUticioQin 18 

Gold? 900 

chloride 996 

iodide 995 

protoxide,  1  gold  4*  1  ox.  906 

peroxide,  1  -f  8 994 

salphdret,  I  gold  •*-  9  sal..  948 

dMi,(Ure68) 90 

Rydrogea 1 

Ifidfoe 195 

lHdia«.(T.) 90 

oxide 98 

Mn  ^ M 


Iroa,  protochloride,  1  Ir.  -f  1  dU«    M 
perchloride,  1  ir.  •»-  li.«,.    89 
protoxide,  1  ir.  +  1  exi  •  •     96 
peroxide,  1  ir.  •{-  ii«».»,.«    40 
persolphate,  1  perox.  4*  l^ac.  100 
protosalphuret,  1  Ir.  •«•  1  •• .     44 
persalphuret,  1  <f  9».......    68 

sttbsvlphate,  4  perox.  •!-  1  ac.  904 

solpbate,dry,  1  prot.  +  1  ac..  76 

crystd.  (7  water^  199 

Lead 104 

acetate  (dry) 109 

crystd.  (9  water). ...  189 

arseoiate,  dry 174 

carbonate,  do •» 194 

chloride 140 

chron»te,dry  1  pnH.  •!-  1  ac  164 
bichromate,  do.  1  -f  9  ac.. .  916 
deatoxide,  1  lead  +  It  ox..  116 

gallaie 175 

malate,  dry «...•...   179 

molybdate,  do ..^  188 

nitrate,  crystd.  (no  water). .  166 

nitrite ^^  4i# 

oxalate,  dry ».... 148 

|>eroxide,  1  lead  +  9  ox. . . .  190 

phosphate,  dry 140 

phosphite 199 

protoxide,  1  lead  +  1  ox...   119 

saboitrate 978 

salNicetate, 9 protox. -f  lac.  986 

salphate,  dry 158 

salphite,do 144 

sttlphvret     , 190 

tartrate,  dry 178 

Lime,  1  calcium  +  1  ox 98 

acetate,  dry ,»  78 

arseniate....... b..*.  00 

biohyposulphite,  (6#Atn}.  190 

bipbosphatei  dry 84 

carbonate,  do.. •■..«. 50 

chlorate,  do........ kt 104 

chloride,  1  +  1.. ....%»..».  64 

citrate,  dry.  ...b I. .^,, .,.« .  86 

chromate,  do..  »....•....•.  80 

hydrate,!  4-  1. »•••«•••...  97 

hydrogd .  ralphnireC  ....&»..  80 

lodate .k..^.,.  199 

muriate. »,..  65 

oxalate,  dry  ...«....•»..•..  64 

phofphote,do ••»•.•  i# 

phosphite,  do. .  k  • 48 

sttbchloride, 9 1.  4-  Icbi..^^  H 

(6  water) 146 

Bolpbate,  dry 68 

eryfl#.  (9  Water). .  86 

tartrate > 94 

(4wal«r>.. •»..,.••.  130 

tniigstate««.,«....k««««».i,  148 

Uthia^(18  Br.  If  T.) 19 

•  •»«»*»ti*»k».  41 
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Lilbia,»itrate,dry..... TS 

phMpbate 47 

.salpiMite,drjr  ..^ 59 

UdUoB,  (10  Br.) 11 

dilorMo 47 

lalphuret •    27 

Mlgntti^i  1  nagnctiiwi  4-  1  ox. .     SO 

ammonia  pbotpbaCe  . .     93 

cryttd.(6wat.)lS8 

carbooalf ,  dry,  1  + 1  ac.  48 

cr>std.(Swat.^  69 

commoo  (see  toI.  I.  p. 

594) 173 

ckloride,  dry 56 

bjdrate,  1  +  1  water    89 

moriaCe 57 

nUrale,dry 74 

pbospbate,  do  ..••... .     48 

SBlphaCe,do 60 

crystd.  (7  wat.)  18S 

tartrate 67 

Maf  ne*lam  . . .  • 18 

chloride 48 

Haagaoffe S8 

carboaaie,  1  protox.  •»■ 

lac 58 

chloride,  1  m.  +  1  chl.    64 
deutoxide  (brown)    1 

m.  +  H 40 

oxalate,  dry 78 

phosphate,  do 64 

protoxide,  green,  1  m* 

+  1  ox 36 

tritoxide,  1  m.  •»•  8  ox.    44 
sulphate,  1  pretax,  -i- 

lac 76 

llercnry 800 

bichloride  878 

bicyaoide 858 

binitrate,  1  prot.  •*•  Sac.  384 

bitulphate,  dry 296 

bisol  phiiret • 838 

iodide 385 

perrhloride  (corr.  sub.) . .  878 

peroxide,  1  +8 816 

protochloride  (calomel). .  836 
protonitrate,  1  prot.  +  lac.  868 
protosulphate,lprot.  +  lac.  848 

protoxide,  1  +  1 208 

sulphate   856 

Molybdenum,  (48  Br.) 47 

protoxide 55 

Morphia 388 

If  Ickel,  (86  T.  SO  B.) 40 

aceUte,  dry 98 

•rseniate,  diUo 110 

carbonate,  ditto. 68 

chloride,  ditto. 76 

nitrate,  ditto..... 94 

crystd. ...•• 

oxalatci dry  •.••,••*....    76 


Nickel,  peroxide,  (S8  T.) ^ 

protoxide,  (34  T.) 48 

sulphate,  dry 88 

crystd.  (7  water)  151 

salpbvret 56 

Nitric  oxide,  1  a.  •«-  S  o 30 

Nitrogen 14 

Nitrous  gas,  see  nitric  oxide. 

Nitrons  oxide,  1  n.  •»•  1  o 89 

Oil,  olive? 79 

Oleliantgas T 

Osmium  ? .^ 

oxide. • • 

Oxygen 8 

Palladium? 56 

oxide? 64 

Phosphoms 19 

carburet 18 

chloride 48 

perchloride 84 

sulphoret 88 

Phospbnreted  hydrogen,   1  p.  'f 

Shyd 14 

perphospbnreted,  I  -i-  1     IS 

Platianm 96 

ammonia  muriate 888 

biialphurec 188 

perchloride 168 

peroxide 118 

protoddoride 138 

protoxide •  • . .  104 

sulphuret 118 

Pota»sa,dry,  1  potamium  -i-  I  ox.    48 
arseniate,  dry  (164)  ....   1 10 

arsenite,  do.  (148> 108 

blear boaate,  do.  1  -i-  2  ac.    98 
crystd.  (1  wat.)  101 

binarseniate,  dry 178 

bichromate,  do 158 

binoxalate,  do.  1  4-  Sac.  180 

biphospbate,  do 104 

bbulpbale,  do... 188 

crystd.  (1  wat.)  137 

bitartrate 180 

crvstd.  (1  water)  189 

chlorate,  dry 184 

chromate,  do. 100 

citrate,  do 106 

hydrate,  solid  (1  w«ter).    57 

hydrlodate,  dry 174 

iodate,do «...  813 

molybdate,  do 180 

muriate 85 

nitrate,  dry 108 

oxalate,  do.  1  ^  1  ac .    84 

percblorate,  do. .  •  ; 131 

phosphate,  do 76 

quadroxalaCe,do.l-f-4ac  198 

succinate,  do 98 

Mlphate,  do.  •  •  •  ••••.•• 

lalpbiCe^do... ,, 


CBBIUCAL  BODlVALBNTt. 


a,  hirtnlf,  do., 
tnofitale,  do. 

iWM    

chloride 

Iodide 

peraiide,  1  p 


!,  1   4-  1 


iuhphaiphur 


ilphnr 


•") 


proloijde? I 

peruilde? 

SeleDtom 

SeleoHnted  hydruco < 

Silica ....: 

Siliclam  or  lilicoe 

Silver 1 

chlorBle,drj 1 

fhioride.do I 

Iadalc,do 8. 

Iddidr.do ». 

Dilrale.do 1 

DXRlali;,  do I. 

proloiidr,  1  -t-   I 1 

peroxide,  3  a.  -i-  8  ox S 

photpbale,  dry 1' 

•ulplialr,  do li 

tulphurcl I: 

Soda,  liodium  +  lax 

MelUe,  dr; : 

cryild.  (7  nrsier)....  1 

kr>«aiaie,dry 

aneDl(e,  do 

'cr)"lJ!(S«aV-:r)     ■ 
cnrbomilr,  (iub-ci>ib.)  lUy. . 

cryild.  (10  WKler)  I 

ckloraie.dry I 

cbroroaie.  

kjdriodBle,  dr* 1 

iDdalc.do I 

■ilnile.do 

oibUif,  Jo 

iBlpbale,  do 

cryttd.  (10  water).,    li 

wlphlte,  dry  .. ,, 

Urlialc.do 

unBriHd,ll4  +  »8 a 

Bvdlnn 

Aloridc I 

Mide I 

pemxide,  1  >.  +  Iftoz... 

rrDtoiide,  1 1.  +  I  ox... 



Slrontia  (&5  Brande) 58 

CBrbonaie,  dry 74 

iiydrale ei 

Dilrale.dr; ...'."  IM 

oHiale,  do 6S 

pbniphale.da SO 

■Diplutr.do W 

Slroni;um(4T  Br.) 44 

chloride 60 

oilde.              59 

Slrychota 3S0 

Sogar  (Ptoat  75) 81 

Snlpbar .- |0 

cblaride,  1  -»-  1 Ht 

iodide 141 

phoipharet BS 

Sulphareled  hydro(eo 17 

carbao,  mc  carboo, 

TbodIb 71 

Tellariom 38 

,       chloride 14 

oxide 46 

Tin M 

biiulphorrt Bl 

peruxidc,  1  lin  +  Sax 7ft 

proloildr,  1  tio  +  1  M 67 

perdilorlde,  1  lin  +  Sckl...  131 

proiucbluride,  I  +  1 95 

>BlphHre( 75 

TilaKiuui              144 

Tuuedrn 04 

biiulpburel ISS 

oxide,  1  I.  4-  Sox lis 

UraniBB? 185 

Slide? 183 

Walar 0 

YHriB 40 

Yitriaoi aa 

Zioc,(SSBr.  S4T.J 83 

rarbonale S3 

chloride 89 

hjdriodale,  dry 167 

Iodide 15S 

iedalr.dry Spe 

Dilralc,do 95 

oialalc,  do ,  77 

o,idc 41 

phmpliale,  dry W 

phatphurel ..••••  45 

iuluhale,dry 81 

cry(ld.(7«aler)..  144 

laiphile.drj 13 

Hilphiirct 49 

ZIrconia SO 

Zlrtoniaa 90 
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A^PfeMbtX. 


showing  the  Proporiums  in  Volumes  (^several  Comfioimdf 
who^  Elements  are  gaseous. 


(V.  B.    A IMU  •€  the  Specific  GimvUict  of 

Vol.  I.  p.  140.) 


Gmci  Mttj  W  ^omd, 


■A 


Aiafc*— ^    «       III 

Air,  atoMMplieric 

Alcoliol,  vrnpoor 

Aaimonla , 

AqwraiM  Yapoiir  (ueam) 

tearboDic  oxide  gat k.... 

ladd  do 

Do.         do 

Carbureted  bydrngen  gat 

Carbonate  lOb-  of  amflaoolb  . . . . 

bl-of  do..... 

leiqal-  of  do 

t^blortne,  protoxidv  of,  gas. . . . 
peroxide  of, do. «.... 

Chloric  acid  vapoor 

etiierdo 

Cblorocarbonic  acid  gai 

ClilorocyaDic  acid  vapour. .. . • . 

Cyonogeo  gas   

kther,  muriatic,  vapour   

suiplioric  do • 

Fluoborate  of  ammoaia 

sub- of  do ..•• 

Ilydriodic  acid  gas 

Hjrdrocjraolc  acid  vapour 

Iodic  acid 

Muriatic  acid  gas 

Muriate  of  ammonia 

gitricacid  vapour 
iirousaciddo... 

fiypionitrous  do 

Kicrotts  gas 

otidegas 

Dieiantgas 

Pbosphuretefl  hydrogen  gas ... . 

Bipbdsphureied  do 

Huipbttreted  hydrogen  gas 

IftoipbbrottS  acid  do 

ftulpburic  acid  vapour 

fealpbiiret  of  carbon  tapoar.  • .  • 


4  Nitrogen  -i-  1  oxygen 

1  Olefiaot  gas  •«-  1  aq.  vapour. . 

5  Hydrogen  -t-  1  nitrogen 

2  Hydrogen  -f  1  oxygen 

Vapour  of  carbon  -^  I  oxygen 

Ditto  +  1  do 

Carbonic  oxide  -t-  i  oxygen. . 

!  Hydrogen  -t-  1  carbon 

Carbonic  acid  +  %  ammonia.. 

Ditto  '¥  1  do 

Ditto  +  Udo 

Oxygen  +  8  chlorine 

Dittos  1  do 

(Ditto  +  1  do 

Oieflant  gas  +  1  chlorine. . . . 

Carbonic  oxide  4-  1  do 

Cyanogen  -f  I  chlorine 

Nitrogen  ^  2  carbon 

Muriatic  acid  gas  -i-  S  alcoh .. 
t  Olefiant  gas  -f  1  at|.  vapour. 

Fluoborlc  acid  +  1  aiMaoB  •. . 

Ditto  +Sdo 

Hydrogen  +  1  Iodine 

Cyanogen  +  1  hydrog«n. 

(Oxygen  +  1  Iodine 

Hydrogen  +  1  chlorine 

Muriatic  acid  4-  1  aannoniB  • . 

Nitrogen  +  9^  oxygen. ...... 

Ditto  +  8   do 

Ditto  +  l(do 

Ditto  4-  1    do 

Ditto  +  i   do 

S  Carbon  -f  8  hydrogen 

8  Hydrogen  +  1  phosphnret.. . 

Ditto -f  1  do 

Sulphur  -f- 1  hydrogen 

Ditto -r- 1  oxygen  

8  Sulphurous  add  •!•  1  oxygea. . 
1  CaAon -h  tS  sulphur 


5 
1 
8 

8 

8 

I 

1 

1 

(solid) 
ditto 
ditto 

8 

I 

8 
8 

1 

8 

1 
(solid) 
ditto 

8 
8 

8 
(solid) 

1 
1 

8 
I 
I 
1 

1 
1 
1 

8 
8 


TABLB  OF  THB  JDBNSIT1B6  OF  Oil  OF  VITRIOL,  &C  Oil 

able  of  the  QuantUi/  of  Oil  of  Fitriol  (sp.  gr.  1.8485),  and  of 
Dry  Sulphuric  Acid,  in  100  Parts  by  Weight  of  diluted  Add^ 
at  cUJferent  Densities.     By  Dr.  Ure. 

(Quarterly  Journal  of  Science,  &c.  iv.  12«.) 


Li4|«M. 

8p.  Gr. 

Drjr. 

Lfqntd 
66 

Sp.  Qr, 

Drjr. 

Liqnkt. 

32 

Sp.  Gr. 

Diy, 

100 

1.8485 

81.54 

1  5503  53.82 

1.2334 

26X)9 

99 

1.8475 

80.72 

65 

1-5390 

53.00 

31 

1.2260 

25.28 

98 

1.8460 

79.90 

64 

1.5280 

52.18 

30 

1.2184 

24.46 

97 

1.84S9 

79.09 

63 

1.5170 

51.37 

29 

1.2108 

23.65 

m 

1.8410 

78.28 

62 

1.5066 

50.55 

28 

1.2032 

22.83 

95 

1.8376 

77.46 

61 

1.4960 

49.74 

27 

1.1956 

22.01 

94 

1.8336 

76.65 

60 

1.4860 

48.92 

96 

1.1876 

21.20 

93 

1.8290 

75.83 

59 

1.4760 

48.11 

25 

1.1792 

20.38 

92 

1.8233 

75.02 

58 

1.4660 

47.29 

24 

1.1706 

19.57 

91 

1.8179 

74.20 

57 

1.4560 

46.48 

23 

1.1626 

18.75 

90 

1.8115 

73.39 

56 

1.4460 

45.66 

22 

1.1549 

17.94 

89 

1.8043 

72.57 

55 

1.4360 

44.85 

21 

1.1480 

17.12 

88 

1.7962 

71.75 

54 

1.4265 

44.03 

20 

1.1410 

16.31 

87 

1 .7870 

70.94 

53 

1.4170 

43.22 

19 

1.1330 

15.49 

86 

1.7774 

70.12 

52 

1.4073 

42.40 

18 

M246 

14.68 

85 

1.7673 

69.31 

51 

1.3977 

4L58 

17 

M165 

13.86 

84 

1.7570 

68.49 

50 

1.3884 

40.77 

16 

1.1090 

13.05 

83 

1.7465 

67.68 

49 

1.3788 

39.95 

15 

1.1019 

12.23 

82 

1.7360 

66.m 

48 

1.3697 

39.14 

14 

1.0953 

11.41 

81 

1 .7245 

66.05 

47 

1.3612 

38.32 

13 

1.0887 

10.60 

80 

1.7120 

65.23 

46 

1.3S30 

37.51 

12 

1.0809 

9.78 

79 

1 .6993 

64.^2 

45 

1.3440 

36.69 

11 

1.0743 

8.97 

78 

1 .6870 

63.60 

44 

1.3345 

35.88 

10 

1.0682 

8.15 

77 

1 .6750 

62.78 

43 

1.3255 

35.06 

9 

1.0614 

7.34 

76 

1.6630 

61.97, 

42 

1.3165 

34.25 

8 

1.0544 

6.52 

75 

1.6520 

61.15 

41 

1.3080 

33.43 

7 

1.0477 

5.71 

74 

1.6415 

60.3+ 

40 

1.2999 

32.61 

6 

1.0405 

4.89 

73 

1.6321 

59.52, 

39 

1.2913 

31.80 

5 

1.0336 

4.08 

72 

1.6204 

58.71 

38 

1.2826 

30.98 

4 

1.0268 

3.26 

71 

1.6090 

57.89 

37 

1.2740 

30.17 

3 

1.0206 

2.446 

70 

1.5975 

57.08 

36 

1.2654 

29.35 

2 

1.0140 

1.63 

69 

1.5868 

56.26 

35 

1.2572 

28.54 

1 

1.0074 

0.8154 

68 

1.5760 

55.45 

34 

1.2490 

27.72 

67 

1.5648 

54.63 

33 

1.2409 

26.91 
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Table  showing  the  Proportion  of  real  or  dry  Nitric  Acid  in 
.  100  Parts  of  the  liquid  Acid^  at  successive  Specific  Gravities. 
By  Dn.  Uhe,* 

(Quarterly  Juurnal,  if.  297,) 


Grarlljr. 

Acid  in  100. 

Specifle 
Graritjr. 

AcM  is  100. 

Spceifc 
Gr^tltj. 

AcMialOOt. 

1.0000 

79.700 

1.3783 

52.602 

1.1833 

2.5.504 

1.4980 

78.903 

1.3732 

51.805 

1.1770 

24.707 

1.4960 

78.106 

1.3681 

51.068 

1.1709 

23.910 

1.4910 

77.309 

1.3630 

50.211 

1.1648 

2.3.113 

1.4910 

76.512 

1.3579 

49.414 

1.1587 

22.316 

1.4880 

75.715 

1.3529 

4a617 

1.1526 

21.519 

1.4850 

74.918 

1.3477 

47.820 

1.1465 

20.722 

1.48^ 

74.121 

1.3427 

47.023 

1.1403 

19.925 

1.4790 

73.324 

1.3376 

46.226 

1.1345 

19.128 

1.4760 

72.527 

1.3323 

45.429 

1.1286 

18.331 

1.4730 

71.730 

1.3270 

44  632 

1.1227 

17.534 

1.4700 

70.933 

1.3216 

43.835 

1.1168 

16.737 

1.4670 

70.136 

1.3163 

43.038 

1.1109 

15.940 

1.4640 

69.339 

1.3110 

42.241 

1.1051 

15.143 

1.4600 

68.542 

1.3056 

41.444 

1.0993 

14.346 

14570 

67.745 

1.3001 

40.647 

1.0935 

13.549 

1.4530 

60.948 

1.2947 

39.850 

1.0878 

12.752 

1.4500 

66.155 

1.2887 

39.053 

1.0821 

11.955 

1.4460 

65.354 

1.2826 

38.256 

1.0764 

11.158 

1.4424 

&4.557 

1.2765 

37.459 

1.0708 

10.361 

1.4385 

6.').760 

1.2705 

36.662 

1.0G51 

9.564 

1.4346 

62.963 

1.2644 

35.865 

1.0595 

8.767 

1.4306 

62.166 

1.2583 

35.068 

1.0540 

7.970 

1.4269 

61.369 

1.2523 

34.27 1 

1.0485 

7.173 

1.4228 

60.672 

1.2462 

83.474 

1.0I.V0 

6.376 

1.4189 

59.775 

1.240S 

32.677 

1.0375 

5.579 

1.4147 

58.978 

1.2341 

31.880 

1.0320 

4.782 

1.4107 

58.181 

1.2277 

31.083 

1.0267 

3.985 

1.4065 

57.384 

1.2212 

80.286 

1.0212 

3.188 

1.4023 

56.587 

1.2148 

29.489 

1.0159 

2.391 

1.3978 

55.790 

1.2084 

28.692 

1.0106 

1.594 

1.3945 

54.993 

1.2019 

27.893 

1.0053 

0.797 

1.3882 

54.196 

1.1958 

27.098 

1.3833 

53.399 

1.1895 

26,301 

*  1b  tbb  T«bl«,  the  real  acid  in  nitric  acid  of  specific  gravity  1.5  is  rated  at 
4.8  per  cent,  more  than  ig  contained  in  it  according  to  Dr.  WoUaston  and  Mr. 
Phillips,  the  mean  of  whose  numbers  is  25.1  water  +  74.9  acid  in  100  parts  of 
acid  of  that  density.  The  nuail>erB  in  the  Table  will,  1  tielieve.  however,  be 
very  near  the  truth,  if  reduced  at  the  rale  nf  6  per  cent.  Thus  6  per  cent,  on 
79.7  is  4.782 ;  and  79.7  -  4,789  »  74.918|  which  is  very  near  the  true  tramber. 


TABLE  or  THB   DBTfaiTIM  OV  OIL  OV  VITRIOL,  &C.  «ii 


Table  of  the  Quantily  of  real  or  dry  Muriatic  Add  in  100 
Parts  of  llie  liquid  Acid,  at  successivt  Sptafic  Gravities. 
Bij  Dr.  Ure.* 


(Tbon 


'(  Annali  of  Pbiloiopbj,  x.  371.) 


Bp^rliB 

AdJln 

flpcrlk 

Add  [■ 

sr«i*c 

Acldta 

«"•"»■ 

li^n. 

IDO. 

uriiilj. 

100. 

1.1980 

S8..10 

1.1878 

18.08 

I.OGIO 

9.05 

I.IDOO 

S8.0S 

1.1853 

18.39 

1.0590 

8.77 

1.18^1 

87.73 

1.1833 

18.11 

1.0571 

8.49 

1.1863 

97.45 

1.18U 

17.83 

1.0358 

8.SI 

I.I81S 

87. IT 

1.1  IH 

17.55 

1.05,33 

t,08 

l.l(«7 

ES.SS 

1.1173 

17.86 

1.031 1 

7.64 

1.180a 

86.60 

1.1135 

16.93 

1.0495 

7.3« 

1.IT90 

«6.38 

1.1134 

16.70 

1.0477 

7.07 

1.1778 

88.0* 

1.1115 

19.11 

1.0437 

8.79 

1.1751 

Ba.7:. 

I.IUfl7 

10.13 

1.0138 

6.SI 

i.nsi 

85.47 

1.1077 

li.iti 

1.0418 

6.93 

1.1715 

BB.IB 

1.1058 

16.56 

1.031)0 

5.94 

1.1698 

24.90 

1.1037 

15.88 

1.0380 

5.66 

1.1G79 

84.98 

1.1018 

15.00 

1.0361 

S.38 

1.1061 

84.34 

1.1)999 

M.T8 

1.0348 

5.0B 

I.IBK 

84,05 

1.0980 

14.43 
ill  5 

1.0384 

4.61 

1.1684 

83.77 

l.OtlGO 

1.0304 

4.53 

1.IG0S 

83.49 

1.0941 

13.87 

1.08RS 

4.94 

i.ia.<<7 

83.80 

I.09S9 

13.58 

1.0860 

3.96 

l.t.iHS 

88.08 

13-:iO 

10847 

3.68 

1.1560 

88.64 

1.0883 

13.08 

1.0888 

3.99 

1.1531 

88.36 

i.osaa 

18.73 

1.0809 

3.11 

I.I&IO 

88.07 

i.0844 

18.45 

1.0190 

8.8S 

1.1491 

81,79 

1.0883 

18.17 

1.0171 

8.65 

1.1471 

81.Q1 

I.OSOS 

11.88 

1.0138 

8.8S 

1.14.M 

81.88 

1.0185 

11.60 

1.0133 

1.99 

l.Ujl 

80.9 1 

1.0765 

11.38 

1.0114 

1.70 

1.1410 

80.66 

1.074B 

11.01 

1.0095 

1.41 

1.1301 

80.37 

1.07  87 

10.75 

1.0076 

1.1371 

80,09 

t.mot 

1.0056 

0.P5 

1.1331 

19.41 

1.00S8 

10.19 

1.0037 

0,56 

1.13.33 

19,53 

i.onm 

9.90 

1.0010 

0.88 

1.1319 

19.84 

1.0619 

0.68 

1.0000 

0.00 

1.18V^ 

18.96 

1.0689 

9.34 

*  The  dau,  on  irhicb  Ibh  Table  I*  founilrd,  were  obtained  hj  MlDralfiif 
diS^rcnl  bun  wllh  knoirn  qnnTillMM  «1  tnarialic  Htl.l,  (prciic  cratiljr  1.19S, 
■lldnrrrOlninrO'FwHiihIt  ofllir  dr;  iirDdact].  (til  eitMiD|llr,  lOttErnlniof 
mcb  add  sake  Ii0,6l  gTarn*  nf  dry  fnniinon  tnit,  nhlch,  on  Ihr  old  Ihcorv,  mar 
coniiil  of  88.3  -oda  -h  SH.S  miirliilk  ■cid,  or,  nFcnrdiaR  lu  ihc  xrw  Wco,  of 
84.844  .-odl.im  4  ,'<fl.366  chlnrln?,  (fqnlTiilpi)l  lo  S7.370  nuirinilc  iicid.  Ail. 
miltint:  'l^rn  i!i>:  daia  lo  tie  corrrcl,  the  cainiicnIliiiTi  ormuTialtc  acid  of  dIfW. 
em  deuiliti  will  iniulrr  he  aunibrri  to  \>t  nlirrril,  ta  lull  Ihe  lipwg  of  tlMW 
who  embrace  I  he  nrw  diKlriiie  lopi'trlng  chlurlnr.  Thii  maj  be  done  bjr  the 
role  or  propsrlioni  Sni  ni  31.370  :8ti.3,  ki  li  any  nambrr  below  S8.3  in  ike 
Table  M  tbe  namber  rrqalrrd.    (U.) 
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Colour  of  Precipitales  thrown  down  from  Metallic  Solu- 

tionsj  by  various  Reagents. 


MeiUi. 

Thwtmcof 
Gftlh. 

Water  tepfvs- 
ntedwlik 
S«lplNiffetad 

Hj4ro. 

Antimonj 

White 

A  white  oiide 
merel J  from 
dilution 

Orange 

Orange 

Arsenic 

White 

Little  change 

YeUow 

Yellow 

Bismuth 

White 

Orange 

Black 

Black 

Cadmiam 

White 

No  change 

Orange 

Orange 

Cerium 

White 

YeliowUh 

Brown,  be- 
coming 
deep  green 

Chromium 

Green 

Brown 

Green 

Cobalt 

Grass-green 

Yellowish 
white 

Not  preci- 
pitated 

Black 

Columbinm 

Olire 

Orange 

Chocolate 

Copper  (per-salts) 

Bright  reddish 
brown 

Browubh 

Black 

Black 

Gold 

White 

Solution  turn- 
ed green. 
Precipitate 
brown  of  re- 
duced gold 

YeUow 

YeUow 

Iridium 

No  precipitate. 
Colour  dis- 
charged 

No  precipitate. 
Colon  r  of  so- 
lutions dis- 
charged 

ft.  Proto-salts 
Iron-{ 

^2.  Per-salts 

White,  chang- 
ing to  blue. 
Deep  blue 

No  precipi- 
tate.   Black 

Not  preci- 
pitated 

Black 

Lead 

White 

White 

Black 

Black 

Manganese 

White 

No  precipitate 

Not  preci- 
pitated 

White 

PRBCIPITATBS   FROM  MSTALUC  SOLUTIONS. 
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Colour  of  Precipilaiesjrom  Metallic  Solutions^  ®c.— 

Coniinued. 


Meiftk. 

Pnittlaleflor 
P«rro-ejaMla. 

Tinctara  cf 
Galls. 

IVater  impiff. 
Mted  Willi 
SttlpliDirted 
HjArogn. 

Hydro- 
Sulpborals. 

Mercury 

White,  chang- 
ing to  yellow 

Orange  yel- 
low 

Black 

Browni^ 
black 

Molybdenum 

Brown 

Deep  brown 

Brown 

Nickel 

Apple- green 

Grayish  white 

Not  preci- 
pitated 

Black 

Osmium 

Purple,  chaug- 
ins;  to  deep 
yivid  blue 

Palladium 

Olive.*    Deep 
orange f 

Dark  brown 

Dark  brown 

Platinum 

No  precipit. ; 
but  an  orange 
coloured  one 
by  pniss.  of 
mercury 

Dark  green 
becoming 
paler 

Precipitated 
in  a  metal- 
lic state 

Rhodium 

No  precipitate 

No  precipit. 

Silfer 

White 

Yellowish 
brown 

Black 

Black 

Tellurium 

Nu  precipitate 

Yellow 

Blackish 

Tin 

White 

No  precipitate 

Brown 

Black 

Titanium 

Keddish 
brown 

Reddish 
brown 

Not  preci- 
pitated 

Grass-greeD 

Tungsten 

Uranium 

Blood-red 

Chocolate 

Brownish 
yellow 

Zinc 

White 

No  precipitate 

Yellow 

White 

«  Cbenevix. 


t  Wolkistoa. 


Table  of  Simple  Jffinitjf* 


OXYGEN. 

OXYGEN.!" 

NITROGEN. 

Arsenic 
Molybdena 

Metallic  bases 

Titanium 

?ffr? 

of  the  alkalis 

Mnnonnese 

and  earths 

Zinc 

Phosphoi'UB 

Carbon 

Iron 

Hydrofjcn 

POTASS  A,  SODA, 

Mnneanese 

Till 

ANDAMMONM. 

Zinc 

Uranium 

Iron 

Molybdenum 

Acids. 

Tin 

Tungsten    - 

HYDROGEN. 

Sulphuric 

Antimony 

Cobalt 

Nitric 

Hydrogen 

Antimony 

Carbon 

Muriatic 

Pliosphorus 

Nickel 

Phosphoric 

Sulnliur 

Arsenic 

Fluoric 

Ar^nic 

Chrome 

Phmpliorus 

Oxalic 

Nitrogen 

Nickel 

Bismuth 

Nitrogen 

Tartaric 

Lead 

Arsmtc 

Cobalt 
Copper 

Tellurium 

Succinic 
Citric 

Bismuth 

Plnlinum 

SULPHUR. 

Laclic^ 

Caloric? 

Mercury 

I-HOSPHOnUS  ? 

Benzoic 

Mt'ixitry 

Silver 

Potiissa 

Sulphurom 

Silver 

Gold 

Soda 

Acetic 

Arstnions 

Iron 

Mncic 

ncid 

Copper 

Boracic 

Nitric  oxide 

Ti'i 

Mirons 

Gold 

CAHBOV. 

Lead 

Cnrhonic 

PliUJiiuin 

Silver 

Piiissic 

Carbonic 

Oxygen 

B  ism  u  ill 

Oil 

oxide 

holl 

Antimony 

W'altr 

Hydrof;cn 

Mercury 

Sul])hur 

•  TIlis  tnllp)  il  may  lie  iiecesiory  lo  obsene,  iloes  rail  ONprcss  aciunWll 
iha  comparolive  offinitiei  nf  bodies,  but  dLiiolcs,  nu^relv  (lie  actual  orJfrol 
dttompotilioa,  wliicli,  iis  llcrthollet  hns  shown,  mn;  often  he  contrary  to  ihl 
ornfliiiilVi  vwiii)(  In  tl;e  iiilliiviice  of  various  extruueuui  iWcci.  A  laluitita 
Table  of  Eltcliic  AtlractJDiis,  nuniericull)'  represented  by  Dr.  Your^.iMJ 
be  fuuiid  in  tbe  I'bil.  Trans.  Tor  Iliu<),  or  in  Nicbulum's  .luuriiiil,  »<o.  m"* 
354.  The  lenelli  ofthe  (able,  .iiicl  of  (he  cxp1uniiti«n  which  ^h(lulll  actr.ra- 
paiiy  il,  prevrnt  me  from  giving  it  n  plocc  li>  ibi,  Api-eiiclix. 

t  VBuqiU'lin'a  tal.le  of  the  iilbnily  of  the  melnls  ilir  oxjgeii,  ncconlii>|:  in 
(Ite  dilEculiy  »itb  n bicli  ilicir  oiidcs  are  dccompu^cij  by  heat. 
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Table  of  Simple  Affinity f^  Coniinued. 


lYTA. 

liurlc 

lie 

;inic 

ric 

(phoric 

ic 

ic 

iatic 

;ric 

Acids, 
Muriatic 
Succinic 
Acetic 
Arsenic 
Boracic 
Carbonic 

Water 

MAGNESIA. 

Acids. 

Oxalic 

Phosphoric 

Sulphuric 

Fluoric 

Arsenic 

Mucic 

Succinic 

Nitric 

Muriatic 

Tartaric 

Citric 

Malic? 

Lactic 

Benzoic 

Acetic 

Boracic 

Sulphurous 

Nitrous 

Carbonic 

Prussic 
Sulphur 

Acids. 
Citric 
Phosphoric 
Tiftctic 
Benzoic 
Acetic 
Boracic 
Sulphurous 
Nitrous 
Carbonic 
Prussic 

LIME. 

Acids. 

Oxalic 

Sulphuric 

Taiiaric 

Succinic 

Phosphoric 

Mucic 

Nitric 

Muriatic 

Suberic 

Fluoric 

Arsenic 

Lactic 

Citric 

Malic 

Benzoic 

Acetic 

Boracic 

Sulphurous 

Nitrous 

Carbonic 

Prussic 
Sulphur 
Phosphorus 
Water 
Fixed  oil 

c 

aric 

nic 

ic 

Eoic 

ic 

icic 

SILICA. 

Fluoric  acid 
Potassa 

•hnrous 

ous 

Kmic 

sic 

hur 

lorus 

OXIDE  OF  PLA- 
TINUM. 
GOLP.* 

Gallic  ncid 

Muriatic 

Nitric 

Sulphuric 

Arsenic 

Fluoric 

Tartaric 

Phosphoric 

Oxalic 

Citric 

Acetic 

Succinic 

Prussic 

Carbonic 

Ammonia 

)ils 

ALUMINA. 

Acids. 
Sulphuric 
Nitric 
Muriatic 
Oxalic 
Arsenic 
Fluoric 
Tartaric 
Succinic 
Mucic 

unriA. 

buric 
iphoric 
tie 
aric 

TIC 

ic 

dog  the  oxalic^  citric^  succinic;  and  carbonic;  and  adding  sulpliiH 
rogen  after  ammonia* 
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Table  of  Simple  Affinity^ — Continued. 


OXHDE  OF   STL< 
VEE. 

Gallic  acid 

Muriatic 

Oxalic 

Sulphuric 

Mucio 

Phosphoric 

Sulphurous 

Nitric 

Arsenic 

Fluoric 

Tartaric 

Citric 

Lactic 

Succinic 

Acetic 

Prussic 

Carbonic 

Ammonia 


OXIDE  OF  MER- 
CURY. 

Gallic  acid 

Muriatic 

Oxalic 

Succinic 

Arsenic 

Phosphoric 

Sulphuric 

Mucic 

Tartaric 

Citric 

Malic 

Sulphurous 

Nitric 


Fluoric 

Acetic 

Benzoic 

Boracic 

Prussic 

Carbonic 


OXIDE  OF  LEAD. 

Gallic 

Sulphuric 

Mucic 

Oxalic 

Arsenic 

Tartaric 

Phosphoric 

Muriatic 

Sulphurous 

Suberic 

Nitric 

Fluoric 

Citric 

Malic 

Succinic 

Lactic 

Acetic 

Benzoic 

Boracic 

Prussic 

Carbonic 

Fixed  oils 

Ammonia 


OXIDE  OF  COP- 
PER. 

Gallic 


Oxalic 

Tartaric 

Muriatic 

Sulphuric 

Mucic 

Nitric 

Arsenic 

Phosphoric 

Succinic 

Fluoric 

Citric 

Lactic 

Acetic 

Boracic 

Prussic 

Carbonic 

Fixed  alkalis 

Ammonia 

Fixed  oils 


OXIDE    OF    AR- 
SENIC. 

Gallic 

Muriatic 

Oxalic 

Sulphuric 

Nitric 

Tartaric 

Phosphoric 

Fluoric 

Succinic 

Citric 

Acetic 

Prussic 

Fixed  alkalis 

Ammonia 

Fixed  oils 


Water 


OXIDEOFIROK. 

Gallic 

Oxalic 

Tartaric 

Camphoric 

Sulphuric 

Mucic 

Muriatic 

Nitric 

Phosphoric 

Arsenic 

Fluoric 

Succinic 

Citric 

Lactic 

Acetic 

Boracic 

Prussic 

Carbonic 


OXIDE  OP  TIN.* 

Gallic 

Muriatic 

Sulphuric 

Oxalic 

Tartaric 

Arsenic 

Phosphoric 

Nitric 

Succinic 

Fluoric 

Mucic 


*  Bergman  places  the  tarlaric  before  the  muriatic* 
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Table  of  Simple  Affinity ^ — Continued, 


Citric 

Lactic 

Acetic 

Boracic 

Prussic 

Ammonia 


OXIDE  OF  ZINC. 

GaUic 

Oxalic 

Sulphuric 

Muriatic 

Mucic 

Nitric 

Tartaric 

Phosphoric 

Citric 

Succinic 

Fluoric 

Arsenic 

Lactic 

Acetic 

Boracic 

Prussic 

Carbonic 

Fixed  alkalis 

Ammonia 


Benzoic 

Oxalic 

Sulphuric 

Nitric 

Tartaric 

Mucic 

Phosphoric 

Citric 

Succinic 

Fluoric 

Arsenic 

Lactic 

Acetic 

Boracic 

Prussic 

Fixed  alkalis 

Ammonia 


OXIDE   OF    AN- 
TIMONY. 

Gallic 
Muriatic 


SULPHUROUS 
ACID. 

SUCCINIC.t 

Baryta 

Lime 

Potassa 

Soda 

Strontia 

Magnesia 

Ammonia 

Gliicina 

Alumina 

Zircon  la 

Metailicoxides 


PHospHoaoua 

ACID. 

Lime 

Baryta 

Strontia 

Potassa 

Soda 

Ammonia 

Glucina 

Alvimina 

Zirconia 

Metailicoxides 


SULPHURIC 

ACID. 
PRUSSIC.* 

Baryta 

Strontia 

Potassa 

Soda 

Lime 

Magnesia 

Ammonia 

Gluciua 

Yttria 

Alumina 

Zirconia 

Metailicoxides 


PHOSPHORIC 
ACID. 
CARBON  IC.j: 

Baryta 

Strontia 

Lime 

Potassa 

Soda 

Ammonia 

Magnesia 

Glucina 

Alumina 

Zirconia 

Metailicoxides 

Silica 


NITRIC   ACID. 
MURIATIC. 

Bar}'ta 

Potassa 

Soda 

Strontia 

Lime 

Magn^ia 

Ammonia 

Glucina 

Alumina 

Zirconia 

Metailicoxides 


FLUORIC  ACID. 
BORACIC  —— II 

ARSENIC ^ 

rUNGSTIC 


Lime 


*  With  the  omission  of  all  after  amroouia. 

t  Ammonia  should  come  before  magnesia ;  and  strontia,  glucina,  and 
zirconia  should  be  omitted. 

X  Magnesia  should  stand  above  ammonia,  and  alumina  and  silica  should 
be  omitted. 

§  Ammonia  should  stand  abore  magnesia. 

II  Silica  should  be  omitted,  and  instead  of  it,  water  and  alcohol  be  in* 
serted. 

%  Except  silica. 
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TabU  of  Simple  Affinity^^Contimed. 


Baryta 

Strontia 

Magnesia 

Potassa 

Soda 

Ammonia 

Glucina 

Alumina 

Zirconia 

Silica 

Zirconia 

Soda 

Ammonia 

Baryta 

Lime 

Magnesia 

Alumina 

Magnesia 

Oxide  of  mer- 
cury 

Other  metallic 
oxides 

Alumina 

OXALIC  ACfD. 

TARTARIC 

CITRIC — 1« 

Lime 

Baryta 

Strontia 

Magnesia 

Potassia 

Soda 

Ammonia 

Alumina 

Metallic  oxides 

Water 

Alcohol 

ALCOHOL. 

Water 
Ether 
Volatile  oil 
Akaline  snl- 
phurets 

CAMPHORIC 
ACID. 

Lime 

Potassa 

Soda 

Baryta 

Ammonia 

Alumina 

Magnesia 

ACETIC  ACID. 
SUBERIC* 

Baryta 

Potassa 

Soda 

Strontia 

Lime 

Ammonia 

Magnesia 

Metallic  oxides 

Glucina 

Alumina 

SULPHU- 
RBTED 
HYDROGEN. 

Baryta 

Potassa 

Soda 

Lime 

Ammonia 

Magnesia 

Zirconia. 

FIXED   OIL. 

Lime 
Baryta 
Potassa 
Soda 

BENZOIC  ACID. 

White  oxide 

oF  arsenic 
Potassa 

*  With  the  omission  ofstrontiai  metallic  oxides^  glucina^  and  zirconia. 
t  Zirconia  aftar  aliAnina. 
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TABLE 

Showing  the  Composition  of  several  of  the  principal  Mineral 

IVaters. 

[N.  B.  Th«  temperature,  ^hea  not  expressed,  it  to  be  aodentoed  to  be  40^ 
or  60r  FahreobeiC] 

I,  Carbonated  Waters. 


Sn^Tsn.    Bergman, 
In  eMh  wine  pint 
Carbonie  acid IT  cnb.  in 

Specific  GiafiCy  1.0027. 

Carbonnte  of  loda 4  grg. 

'  of  magnesia 5 

'«  of iime 3 

CUoride  of  todiuia  ,•... 17 

«9 


CAaLsnas  (Temperature  165^  Fahf.) 

Berzclius. 

In  a  wine  pint. 

Carbonic  acid  .«•«........  5  cub.  in. 

In  1000  parti  by  weight. 

Stilpliate  of  loda 2.587 14  grs. 

Carbonate  of  loda 1.25200 

Chloride  of  sodium  ....  1.01803 

Carboaateoflime 0.31219 

Fluateofdo 0.00331 

Phosphate  of  do 0.00019 

Carboaale  of  strontia. . .  a00097 

I     ■  of  magnesia  .  0.18221 
Phosphate  of  alumina  . .  0.00034 

Carbonate  of  iron 0.00424 

Carbonate  of  manganese,  a  trace 

8ilica 0.07&04 

•^"— ^""^  ^ 

5.46656 


Spa,    Bergman. 

SpeciAc  Gra? ity  1.0010* 

In  SMh  wine  pint. 

Carbonic  acid ,.••  13  cub.  ia» 

Carbonate  of  soda 1.5  gr. 

— — *— —  of  magnesia  •••.,•  4.5 

of  lime 1*5 

Chloride  of  sodium 0.2 

Oxide  of  iron .«•••.  (X6 

8.3 


PvaMoNT.     Bergman. 

Specific  GraTity  1.00A4. 

In  eaoli  wine  pint. 

Carbonic  acid 96  cnb.  in< 

Carbonate  of  magnesia  ....  10.    grs. 

— ^ — ^  of  lime 4.5 

Sulphate  of  magnesia 5.5 

■I     -  of  lime S.5 

Chloride  of  sodium  ........  1.5 

Oxide  of  iron «  0.6 

30.6 

PocGCs.    Hasienfratz. 
In  each  wine  pint. 
Carbonic  acid  . .  ^ •  •  30  cub.  in. 

Carbonate  of  soda 10.    gn. 

»— — — —  of  magnesia  ....  1 .2 

of  lime 12. 

Chloride  of  sodium  .••.....  2.2 

Oxide  of  fron...., 2.5 

Silica 0.5 

28.4 
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Composition  of  Mineral  Waters, — Continued. 

II.   SULPHUREI'ED   WaTERS. 


Aix  LA  Chapkllk.    Bergnan. 

Teniper&tore  14S^. 

Ib  each  wine  pint. 

Sttlpboretcd  hydrogen.  . .  5.5  cub.  in. 

CsrboDmte  of  MNla 19.    gri. 

of  lime 4.75 

Mariatr  of  loda 5. 

SI.75 


CaiLTEifBAM,  Sulphur  Spring. 

Braode  and  Parkei . 

Speciic  Gravity  1.0085. 

In  Mdi  wine  pint 

Carbonic  acid  1.5  cab.  in. 

Balpbureled  hydrogen. .. .  2.5 

Snlphate  of  soda   23.5  grt. 

— ^—  of  magnesia 5. 

of  lime 1.8 

Muriate  of  soda 35. 

Oxideofiron 0.3 

65. 


LsAinirGToir,  Sulphur  Water. 

Scodamore. 

Specific  Gravity  1.0042. 

Sttlphureted    hydrogen,  quantity  not 
ascertained. 

In  each  pint. 

Muriate  of  soda 15.    gn« 

-of  lime 7.96 


—  of  magnesia  S.SO 

Sulphate  of  soda 11.60 

Oxide  of  iron a  trace 


37.66 


MorvAT.    Garnet. 

Nitrogen    0.5cab.la' 

Carbonic  acid   0.6 

Sulphureted  hydrogen. ...   1.2 

Muriate  of  loda 4.5  gri. 


Harrogate  Watisb. 

Ntm  WiU  mt  ike  Ci-mm  /an. 

(West.  Quart.  Joum.  xt.  82.) 

Specific  Gravity  1.01286  at  69o. 

One  wine  faUon  eotttaias 

Sulphuretcd  hydrogen  .  6.4    cab.  ia. 

Carbonic  acid 6.25 

Azoie 6.5 

Carbureted  hydrogen. .  4.65 


AlSOy 

Muriate  of  soda 735.    gfi. 

oflime 71.5 

— —  of  magnesia 43. 

Bicarbonate  of  soda 14.75 


864.25 


Old  fTelL 


Sp.  gr.  1.01324  at  6Go. 
Sulphuretcd  hydrogen  ..  14.0  cab.  ii. 

Carbonic  acid 4.25 

Azotic  gas 8. 

Carbuieted  bydrogea  ..     4. IS 


30.4 


Alto, 

Muriate  of  soda 752.0  gn, 

.-  of  lime 65.75 

— — —  of  magnesia 29.2 

Bicarbonate  of  soda 12^ 


859.75 


III.  Saline  Waters. 


Seidutz.     Bergman. 

Specific  Gravity  1.0060. 

In  a  pint. 

Carbonate  of  magnesia. . . .  2.5 

-oflime 0.8 

Sulphate  of  magnesia 180. 

— — -  oflime 5. 

Muriate  of  magnesia. . .  • , .  4.5 

192.8 


Chbltbnham»  pure  laline.     Parltn 
and  Brande. 

Specific  Gravity  1.010. 

In  each  pint. 

Sulphate  of  soda  15. 

-  of  magnesia 11. 

of  lime 43 


I 


Muriate  of  aoda 50. 

80.5 


coMP08Ino^f  of  minbral  watjcrs« 
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LEAxnroToir,  laline.    Scodamorr. 
Specific  Gravity  1.0119. 
In  a  pint. 

Mariale  of  loda 53.75 

of  lime 88.64 

-  of  mogorsia SO.  16 

Salphale  of  loda 7.83 

Oxide  of  iron a  trace 


110^ 


Leaminotoit,  Lord  Aylesford*t  spring. 
Scadamore. 

Specific  gravity  1.0093. 

In  a  pint. 

Mnrialeofsoda 12.85 

^— •-  of  lime 28.84 


"  of  magoesia 5.88  . 

Sttlpliate  of  soda 38.96 

Oxide  of  iron a  trace 


78.67 


Bristol.     Carrie  k. 
Temp.  740.    Specific  gravity  1.00077. 

In  rach  pint. 
Garbonic  acid 3.5 cob.  in. 


Carhojiateof  lime 1.5  gri, 

Solpbate  of  foda    1.5 

of  lime   ....••••  1.5 

Mnriate  of  soda 0.5 

Bf arialc  of  magnei ia I. 


6.0 


Bath.    Phillipt. 
Temp.  1090  to  1170.    Sp.  grav.  1.008. 

In  each  pint. 
Carbonic  acid 1.8  cob.  in. 


Carbonate  of  lime 0.8 

Solpbate  of  toda    1.4 

of  lime 9.3 

M ariale  of  loda 3.4 

Silica 0.8 

Oxide  of  iron a  trace 

16.3 


Bath.    Solid  contents.  Scodamore. 
Muriate  of  lime   ,     1.8    grs, 

—  of  magnesia  ....     1 .6 
Sulphate  of  lime 9.5 

of  soda .9 

Silica 8 

Oxide  of  iron 01985 

LoBk,  partly  carb.  of  soda      .58015 


■WM« 


14, 


BuxToir.     Scudamore. 

Sp.  gr.  at  60*^.  1.0006.  Temp.  899. 

In  a  wiae  gallon. 

Caibonicacid 1.5   cob.  ia« 

Nitrogen  4.54 


Muriate  of  magnesia 58  gri. 

of  soda S.40 

Sulphate  of  lime 6 

Carbonate  of  do 10.40 

Extractive  and  vegetable  >  ^  ca 

matter   $  "^^ 

Loss 0.58 


15. 


Or,  according  to  Dr.  Murray**  fiewi. 

Sulphate  of  soda 0.63 

Muriate  of  Umt 0.57 

of  soda 1.80 

of  magnesia 0,58 

Carbonate  of  lime 10.40 

Extract  and  lost 1.08 

15.00 


MATvor.tL  RATH.    Scudumore. 

Temp.  680.     Sp.  gr.  1.0003, 

Free  carbonic  acid. 

Muriates  and    ?  magnesia,  lime,  and 

sulphates  of  >    soda  ? 
in  very  minute  •|uantilies  not  yet  as- 
certained. 


6M 
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Composition  of  Mineral  tfatersy^ConiinuetL 
IV.  Chalybeate  Waters. 


TvwDRiDOB.    Scudaroore. 
8peci6c  gravity  1.0007. 
lAeBthf»tlom 

If  arlaCe  of  loda   S.46 

. (iflim» 0.39 

— ^- of  roagnrsia 0.29 

Sulphate  of  lime  1.41 

Carbooala  of  lime  ••  0.S7 

Oxide  ofir«n    2.28 

Tracet  of  maiifanese,  ve- >    ^^^ 

getable  fibre,  tllica,  &c.  {    ^'^* 

Urn. 0.13 

7.61 

CnBt'Trf HAM.    BranHe  and  Parlies. 

Specific  gravity  1.0092. 

In  a  pint. 

Carbonic  acid  2.5  cub.  in. 

Carbonate  of  Doda  0.5 

Sulphate  of  soda 22.7 

•— ^— -  of  magnefia 6. 

■  ofltme 2.5 

Mariate  of  soda    41.3 

Oxide  of  iron  0.8 


BRffOHToir.    Marcet. 

Specific  gravity  1.00108. 
Carbonic  acid  gat 8|  cab.  la. 

Salphale  of  iron 1.80  gn. 

of  line 4.09 

Muriate  of  soda 1.53 

■■  of  magnesia 0.75 

Silica 0.14 

Loss 0.19 

8.50 


llARaoGATEy  Oddie*t  chsiybeale. 

Scudamore. 

Specific  gravity  1.0053. 
In  each  gaUon. 

Mariate  ofpoda 300.4 

oflime 22. 

— — -  of  magnesia 9.9 

Sulphate  of  lime 1.86 

Carbonate  of  do 6.7 

—   ■           of  magnesia....  01.8 

Oxide  of  iron 2.40 

iiesidae,  cUicfly  silica  ....  .40 

344.46 
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TABLE 


SHOWING  THB 


rClPAL  CHARACTERS  OF  THE  EARTHS  AND  METALLIC 
OXIDES  BEFORE  THE  BLOWPIPE,* 


EEVIATI0K8. — O.  F.   Oxidating  Flame,      R.  F.  Reducing  Flame.     ■•  |N«ti| 
*arts  of  the  Assay  and  Flux.     N.  C.  Nkrate  of  Cobalt,    FL  Flaming.    C.  under 
tmn  of  either  of  the  Fluxes  meant  that  the  Support  U  Charcoal,     P.  F.  Platina 
P.  W.  Platina  Wire.    A  Brace  [  reftrs  to  the  Substances  in  thejirst  Cohmn  9nl^ 
hdee  all  those  wfw:h  are  contained  in  the  Space  it  comprehends. 


AT. 

tie  ... 

e 

tU...* 

I  •  •  •  A  •  4 

ttC  •  ■  •  •  •  • 

*• ••• #ft** 

add  .... 
wad 


Heated  aloke  on 


Platiica. 


Infusible 

Bubbles  up  and  fuses 

Fuses  readily  into  a  dear  glass ; 
enamel-white  on  oooling 

Infusible 

Like  baryta 

Fuses  with  moderate  heat  at  the 
surface,  great  brilliancy;  tinges 
strong  R.  F.  red ;  becomes  alkaline 

No  change 

Becomes  caustic  and  alkaline; 
emits  brilliant  white  light 

No  change 

No  change 

No  change 

No  change 

Infusible:  emits  intense  light 

No  change 

F.  fumes  and  ftises ;  brown-yellow 
on  cooling ;  in  R.  F.  blue ;  intense 
heat,  brown 

R.  F.  blackens,  but  not  reduced 

No  change 


Chabcoax.. 


■«■• 


Infusible 

Is  absorbed 

Dacomcs  cauiticm  and  IsabaoriMd 

Infiiaibla 


No  change 
No  change 
No  change 
No  change 

Infusible;  emits intenst light 
No  change 

Fuses,  and  is  absoibed,  andpiftly 
reduced 

The  same 
The  same 


a  Mr.  Children*s  Translation  of  *^  The  Use  of  the  Blowpipe  in  Chemical  Analynsj 
B£]MiDiniition  of  Minerals;  by  J.  J.  Bendiua." 
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ASSAT. 


Antunony 

OxUe  qf  antimony 

AiUlmonlous  acid, 

jinHMOnlie  odd  .  • , 

Oxide  of  tellurium. 
Ozideof  eolumbium 
Oxide  of  titanium.. 
Oxidei  of  unnium. 

Ondes  of  eerium  . . 
Oxide  of  manganese 


Fuses  readily,  and  saUiineB,  in 
white  Amies;  precipitated  oxide, 
burni  like  tinder  into  antinumumA 
add 


Oxide  of  xipc 


Oxide  of  cadmium. 


Oxide  of  iron. 


Oxide  of  cobalt .  .. 
Oxide  of  nickel.... 


Heated  alone  ox 


Platina. 


F.  fuses  and  fumes 
No  change 
No  change 


Protoxide  becomes  peroxide 


Charcoal. 


Fuses  readily ;  white  fumes, 
condense  into  poily  crystals 

Fuses  readily,  and  redsoet:  cs- 
kmrsthe  flame 


Ydlow  while  hot ;  white  when 
cold;  does  not  fiise,  but  gives  out 
great  light  when  very  hot.  Mid  whitel 
fumes,  which  condense  like  wool 

F.  no  change 


Does  not  fuse,  nor  reduce ;  giro 
a  bright  hfjbt 

Uliitena;  is  changed  to  annno* 
mousadd 

Fuses,  efftnnesces,  and  redoou 

The  same 

The  same 

Peroxide  becomes  proli»dde; 
blackens,  but  does  not  fuse 

Peroxide  does  not  alter 

Not  fused;  becomes  brown  in  i 
strong  heat 


O.  F.  no  change 

No  change 
No  change 


OMUeofbinnHth] 


F.  fiises  readily,  mass  dark-brown, 
lycllowish  on  cooling.  In  very  intense 
jheat  reduces,  and  perforates  the  foil 

Oxidesoftin |     Protoxide  takes  fire,    and  burns 

jlike  tinder  into  peroxide 

Oxide  of  lead Minium  becomes  black  while  hot; 

jat  indpient  redness,  dianges  to  yd- 
low oxide,  fusible  into  orange-colour- 
ed glass. 

Oxide  of  copper.  . 


Soon  dissipates ;  leaves  a  red  or 
orange-yenow  powder  on  the  «te^ 
coal 

R.  F.  blackens  and  becooiei  mt^^ 
netic 

The  same 

The  same 

Flies  off  in  fiimes,  and  laifi  • 
mark  with  red,  or  orange  edgeii 
which  may  be  dissipated  in  B.7* 
without  giving  oohmr  to  the  Ibme 

Instantly  reduced 


Mercury 

Oxide  of  silver  . . 

Gold. 

Pladna 

Iridium 

Rhodium 

Palladium , 


Instantly  reduced 


R.  F.  peroxide  does  not  fuse,  M 
reduces  in  a  strong  prolonged  hot 

Orange  g^aas  reduces  tnlo  a  gb* 
bnleof  lead 


O.  F.  black  globule ;  ftovs  om 
the  charcoal ;  under  suiface  rcdaca 

R.  F.  reduces ;  with  Strang  bat 
gives  a  bead  of  metal 

Instantly  reduced 
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I      *mi 


Heated  with  Fluxes. 


Soda. 


Borax. 


Salt  or  Phosphoeus, 


r      FuMy  and  are   ab- 
C  iorbed  by  the  charcoal 

No  action  on  emutic 
stroQtia 

pans,  ftises  bto 
dear  glass,  becomes  milky 
on  cooling:  in  strong 
heat,'  bubbles,  and  ah- 
aorbed  by  the  cfaarooal 

I     No  sensible  quantity 
^dissolTed. 


!Fuse  readilv  with 
efienrescence  mto  a 
dear  gUus,  which  be- 
comes opaque  by  ¥1 

Like  baryta 


r 


NoactioQ 


Swdls  up:   forms  an 
infusible  compound 
No  action 


I     As  with  borax,  but 

)^foam  and  intumesoe; 
end  in  a  dear  glass 


Ditto 


Clear  glass;  opaque 
by  Fl 

Fuses  with  efferres- 
cenoe;  with  more  car- 
bonate dear  ^ass ;  crys- 
tallizes on  cooling 

Like  lime 


Fuses  in  laige 
ticy;  dear  glass 

Fuses    with 
cence 


qoin* 


.  •  •  •  ■ 


Like  gludna 
Similar  to  gludna 


Fuses  with  brisk  efier- 
?escence;  dear  glass 

P.  W.  effervesces, 
dear  glass ;  becomes 
milky  on  cooling 

C.  fuses,  absorbed  and 
reduced 


Fuses  sIowIt;  perma- 
nently  dear  glass 

Clear  glass,  with  a 
large  proportion  of  the 
assay ;  owue  by  Fl 

Idke  glucum 

Like  gludna 

Fuses  very  dowly ; 
permanently  clear  glass 

P.  W.  dear  glass  in 
O.F. 


Fuses  readily;  dear 
glass ;  saturated  with 
magnesia,  c^iaque  on 
oooUng 

Permanently  dear 
sIass 

As  with  borax 


m.  < • • • 


liike  glucina 

Like  gludna,  but  dis- 
solves more  difficultly 

Very  small  portion 
dissolves;  dear  glass 

P.  W.  and  in  O.  F. 
greenish  ^ass  while  hot  $ 


C.  and  in  R.  F.  glass  odourless,  cold 


becomes       dirty-brown, 
but  not  opaque 


P.  W.  dark-yellow 
glass,  crystallizes  on  cool- 
mg ;  opaque  white  or  yd- 
lowiith 

C.  and  R.  F.  reduced 

P.  W.  and  O.F.  dark- 
orange  glass ;  opaque 
and  ydlow  on  coolmg 

R.  F.  opaque;  ^ass 
green  on  cooling 

C.  absorbed,  but  not 
reduced 


P.  W.  and  O.  F.  dear 
^{lass ;  not  opaque  by  Fl 

R.  F.  glass  becomes 
yellow 


C.  fuses  difficultly^ 
glass  emerald-green ;  on 
P.  W.  and  6.  F.  the 
odour  ffies,  and  s^ass  be- 
comes  brown-yellow ;  on 
cooling,  assumes  a  faint- 
green  tinge 


In  R.  F.  becomci 
opaque ;  dull  blue  while 
hot ;  dear  and  fine  green 
on  cooling 

C.  same  phenomena 
t>.  F.  yellowish  glass 
R.  F.  fine  blue  gUm 


Green  glass  in   both 
flames 


mtimontfl    P.  M^  ftises ;  dear  co-     C  dissolves    in  large 

jlourless    glass    becomes  quantity ;   glass  ydlow- 

white  on  cooling  ish,  hot ;   idmost  colour- 

C.  is  reduced  less,  colcL    If  saturated, 

part  reduced  and  sub- 
nmed;  strong  R.  F.,  the 
^MS  becomes  opaque  and 

W3JA 


P.  W.  and  O.F,  dass 
yellowish,  hot;  ooldiir 
flies  on  cooling 


[. 
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AmiimtmlauM  aeid* 
AvUmtmk  add  . 
OiLide  of  tcBttxiiiin 


OaUUofcoliimbium 


Coooibuies  with  effer- 


Oiidt  of  dliiiMiD*  • 


Fuses    easily;  fftm, 
▼esoence,  but  not  fiised|beooiiiss  opti^  bjln    (pemianently  diesr 
or  reduced 
Fuses  into  a  dear  dark- 


OaWoiofmanlmn 


Oxidciof^iiittiii.. 


Oiidiofoiaiiganflte 


P.  W.  eolourlciSf^aM; 
white  on  eooling 
C.  reduced 


««i 


P.  W.  dear,  colour, 
lessg^ass;  white  00  oool- 
ing 

C  becomes  gicy  and 

opaqoe* 

ColouiksBi  dearglstSi 


of  sine  .  •  •  • . 


Oiidt  of  cadmium . 


of  iron 


P.  W.  fuses,  easily;     O.  F.  dear,  ooloiddi 
yellow  glass;    white  orUass,     coionlaMt    be-^aas 
gKnr*white  on    cooling,  comes  milk-white  by  PI      R.  F.  and  ooC  ^10, 
and  crystallizes  with  ero-     R*  F.  glass  assumes  a  yellowish,  hot ;  on  cod- 
lution  (k  great  heat  dark  amethyst  colour,  barmg,  first  red,  then  laj 

C.  not  reducible  tnuufiarent  fine  bhush-violet 

In  large  quantity  on 
C.  and  R.  F.  ^ass,  dull, 
yellow ;  when  cold,  deep- 
blue 
CbrownyeOowi  not     P.    W.    dark.ydknr     P.  W.  andO.F.dflf 
ftiaed  ^ass;  in  R.  F.  becomes  ycUow^aas;  cold,  imt- 

dirty-green  JcDow,  slightly  gicca 

C.   and    R.   F.  te 
green  ^ass 
C.  not  fused,  soda,  ab.     O.  F.  fine  red,  or  deep     O.  F.  fine  red  gN>* 
■orbed ;   white  or  grey-  orsnge.^e]low  glais ;  co-  colourless     when   eoK 
white  protoxide  remains  lour    flies   on    cooling ;  and  quite  fimpid 
on  the  surface  cold  yellowish  tint  JBi». 

md  white  by  H.     In 

R.  F.  loses  it  colour 

P.   F.    fUses,    green     O.  F.  dear,  amethyst     The  tame,  but  aim 

glass,  dear;  cold,  bluish-  oolou?  glass ;  colottr  mca  not  so  deep,    la  hm 

jgieen  in  R.  F.  b  O.  F.  boils,  sod  gim 

C.  not  reduced  off  gas  ;    in  R.  F.  &0 

quietly 
C.  not  fused,  but  re-     O.    F.    fuses  easily.      Nearly  the  isme 
duced,  with  flame ;  white  clear      gUn      becomea 
fumes,   which  cover  iht  milky  by  Fl 
charcoal 
P.  W.  not  fiised  P.  W.  ydlowiih  elaas,     DtssolTes     in    hif 

C.  reduced,  sublimes,  colour  flies  on  oooung  ;  quantity,  clear  daa;  * 
and  leaves  a  circular  yd-  on  C.  glass  bubhlesi  cad-  cooling,  mfllr  irt^ 
lowiah  mark  mium  reduced,  sobHmaa, 

and  leaves  jdkiw  oodde 
C.  absorbed  and  re-     O.  F.   dnU  red  ^aoi 
duced;  not  fused  becomes  clear  and  yd- 

k»wish,  or  cokmilni  bj 
coding 

a  and  R.  F.  bottle- 
green  glass,  or  bhuah- 


The  lame 


Qlidtofoabalt.,..     P.    W.   nale-red   by 

{transmitted  light ;  greyjbluo  glass 
cold 

C.  absorbed    and  re- 
duced; notfiiied 


dideofnickd.... 


Similar  to  borsx 


Fuses  xeadfly*  deep- 


O.  F.-oraoga-ydlow, 
glaaai 


As  with  boras,  M*| 
bar  flics  afanortsW 

oooM  ydknr,  crneeiMa  eoriing 
wQloiineH,  on  coobm     I 


violet  by 


UETALLIC  OXIDBS  BIVOBI  THB  BLOWPIPB. 


M9 


AfSAr. 


Soda. 


Bkniuth 

QtkUofhimuih,. 


Glides  of  tin 

Oxide  oflead 


Oxide  of  copper.. . . 


Sfercury 

Oxide  of  silver . . . . 


Odd 

Pladna 

Iridium 

Bhodium 

Nladium 


Heatso  with  FLv:pBt. 

Bo&Ax.  ISalt  op  PBOSPHOBirr 


P.  W.  effervesces,  tu. 
miiied,  infusiUe  mass 

C  readily  reduced 

P.  W.  clear  ^lass  be- 
comes  ycUowish  and 
opaque  on  oooUng 

d.  instantly  reduced 

P.W.  fine  g^reen  glass, 
hot ;  on  eoolmg,  colour- 
less and  opaque 

C.  absorbed  and  re 
duced 


O.  F.  colourless  glass 
R.  F.  partly  reduced, 
muddy  greyish  glass 


Fuses  with  great  diffi- 
culty ;  permanently  clear 
glass 

P.  W.  clear  glass, 
yellow,  hot ;  on  cooling, 
colourless 

C.  flows  over  the  sur- 
face and  reduces 

O.  F.  fine  green  glass, 
which  in  R.  F.  berames 
colourless,  hot ;  but  can 
nabar-red    and     opaque 
when  solid 

O.  F.  glass  becomes 
milky,  or  opaline,  on 
cooling 

R.  F.  greyish 


O.  F.  yeOowirii  brnm 
glass,  liot ;  coloariess, 
but  not  quite  cie«r,  eold- 

R.  F.  dear  and  co- 
lourless {^asi  hot  I 
opaoue  and 
Uacx,  cold 

As  with  borax 


dear  cokmilsM  1^ 


O.  F.  simiiar  lo  bo- 
rax;  R.  F,  gbtta  MMUy 
red,  opaquC)  9nd,  Mk»  an 


O.  F.  yellowish  dbss 
viewed  by  transmitted 
light  by  day,  by  candle* 
light  leddiali 

R.  F*  grejisk 


Assay. 


AlkaUs 


BaiyU 

Hydrate . . 

Carbonate 
Strontia. ... 

Hydrate,, 

Carbmate, 
lime 

CarUmate. 
Magnesia .. , 


M'^iTB  OTHER  Reagents. 


Alumina 


Olodna 

X  M«ia.«»  ••^•••■••. 


^  K.  C  ;  a  globule  of  different 
>shades  cit  red;  colour  fiies  on 
J  cooling 

1  N.  C.  exhibit  a  black,  or  grey- 
I  ish-black  colour ;  do  not  fuse 

/      N.  C.  hlaek  or  dark-grey  mass 
{  infusible 

N.  C. ;  flesh   ookmr  when  quite 
cold 

N.  C;  fine  bine  glass,  with  strong 
heat  whoi  cold 

N.  C. ;  black  or  dark  grey  mass 


Remaxks. 


The  alkalis  are  not  readily  dis- 
tinguishabla^by  the  blowpi]|e.  VMa 
leaves  a  dull  yellow  stam^  when 
heated  to  redness  <ai  platiMi  kSL 
Ammenia  may  be  known  by  hea^kg 
the  assay  with  soda :  it  gives  on  a 
pungent  vapouK,  which  turns  the  yel- 
tow  colour  of    moistened  tarmeric 


paper  brown 


The  blue  eolaor  it  only  ^iliafllly 
seen  by  day-light 


•WMI 


-    ITTJ  1 


^i* 


eeo 


APPKNDIZ. 


Absat. 


N.  C. ;  blue  {^Mi  iHien  perlccdj 
tfuied 


IMylNlicacid... 


Tugitic  add 


OiUftofdrnxne 


OmUI^  afmnimmif 

Jhnimammuaeid 

Jtwnuttntc  0CHi  •  •  • 

Onde  of  teUurium.. 


With  ormft  Rsaocvts. 


Tlie  part  not  "paitedy  fined  vidi 
nitrate  of  oobalty  haa  a 


} 


Ozidaofeoliiniltttiin 
ChadeoftHaniuni.. 

Oiidet  of  uraniitm 
Ozidea  of  oerium . . 
Onda  of  manganese 

Oxidaof  sine 

Chdde  of  cadmfaim.. 
Oxide  of  iron 


Oidde  of  cobalt.... 

Qxida  of  nickel. . . 
Bimntli 


Oridt  iff  bismuth 

Ozideaoftin 

Oxide  of  lead 

Oxidaof  copper ... 
Heicurj  • 

Oxidaoffilrer.... 

Odd 

Plalina 

Iridlmn 

Bhodiiim 


N.  C.  black,  or  greyish-black 


In  the  indined  glaai  tnbe,  fiijct, 
gives  off  Tapour,  which  condftwH 
partly  on  the  tube  aa  a  white  powder, 
partly  on  the  anay  in  briOiant  pde- 
ydlow  crystals 

If  tungstic  add  contain  iran,  the 
{^aas  with  salt  of  phosphocua  is  bkodr 
red  in  R.  F.  Tin  makei  it  green  or 
bine 

Antimony  does  not  sublime  at  the 
fitting  point  of  ^lass.  On  diaicoal, 
when  red,  ignitUMi  oootiniieB  iponts- 
neooshr*  In  a  tube  open  at  both 
ends,  It  gives  off  white  fumes 

J      The  oxide  and  adds  of  antimflBy 
I  behaye  alike  with  the  fluxes 

Metallic  tdluHum  heated  in  a§^ 
DMtrass,  first  prea  off  Yiqpour,  sal 
then  a  grey  mfrallir  sublimate  of  td- 
hirtum.  In  a  tube  open  at  bodi 
ends,  emits  abundant  ramea  wUdi 
condense  in  a  white  fiidhle  powder 

For  the  rest  of  the  phenomena,  see 
the  original  work. 


A  very  minute  portaoo  of  mangs- 
nese  gives  a  green  glaoa  with  soda 


With    lubcarbonate  of    potassa, 
black  glass  when  cold 


The  reduction  of  iron  fiom  the 
peroxide  to  protoxide  ia  fiKiiUtatrd  bjr 
tin 


In  a  dtts  matrass  doca  not  snbGme 
at  the  fusing  point  of  glaaa.  Ia  sb 
open  tube  scarcdy  gives  off  soy 
fumes;  the  metal  becomes  covered 
with  a  duQ-brown  fused  oxide,  of  t 
dig^t  ydlowish  tint,  when  cold 


All  the.  compounds' of  meremy  ut 
volatile;  mixed  with  tin  or  iron  fl- 
ings, and  heated  in  a  glass  tube,  d»* 
tsflic  mercury  distils  over 

These  metals  have  no  action  oe 

the  fluxes,  whidi  can  only  serve  to 

detect  the  fanigik  metala  th^  Dsy 

be  combined  Jwith.    They  are  best 

.«Mnined  hf  capsPation  with  ktd_ 
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Hydrate  of  Chlorine.-^Exhibition  of  pure  Chlorine  and  other 

Gases  in  a  fluid  Stale. 

Dry  chlorine,  it  has  been  already  stated  (vol.  i.  p.  214.)  is 
not  condensible  by  a  cold  of  —  40°  Fahrenheit ;  but  either  the 
moist  gas,  or  a  solution  oF  chlorine  in  water,  crystallizes  at  + 
40°  oF  tempernture.  The  crystals  may  be  best  obtained  by  in* 
troducing,  into  a  clean  bottle  oFthe  gas,  a  little  water,  but  not 
enough  to  convert  the  whole  into  hydrate,  and  then  exposing 
the  bottle  for  a  few  days  to  a  temperature  at  or  below  freez* 
ing,  in  a  dark  place.  A  solid  compound  of  chlorine  and 
water  is  formed,  which,  in  a  day  or  tM'o,  sublimes  and  shoots 
into  delicate  prismatic  needles,  extending  from  half  an  inch 
to  two  inches  into  the  atmosphere  of  the  bottle.  They  appear 
to  liave  a  specific  gravity  rather  exceeding  1.2. 

When  these  crystals  are  put  into  alcohol,  they  increase  its 
temperature  8°  or  10°,  a  rapid  action  takes  pjace,  and  much 
ether  and  muriatic  acid  are  formed,  with  a  small  proportion 
of  a  triple  compound  of  chlorine,  hydrogen,  and  carbon. 
They  decompose  the  solutions  of  ammoniacal  salts,  from 
which  they  liberate  nitrogen  gas.  At  the  same  time,  muriatic 
acid  and  chloride  of  nitrogen  are  formed. 

By  precipitating  with  nitrate  of  silver  a  known  weight  of 
the  crystals,  made  as  dry  as  possible  and  then  dissolved  in 
water,  Mr.  Faraday,  to  whom  we  owe  these  interesting  factSf 
obtained  proportions  of  chloride  of  silver  indicating  the  crys* 
tallized  hydrate  to  consist  of 

Chlorine 27.7 

Water 72.3 

100. 
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This  nearly  accords  with  ten  atoms  of  water  to  one  of 
chlorine,  giving  for  the  equivalent  of  the  hydrate  dO  +  36  = 
126. 

A  portion  of  the  solid  and  dried  hydrate  was  put  into  a 
small  bent  tube,  which  was  hermetically  sealed.  On  being 
heated  to  100^,  a  yellow  vapour  formed,  which  condensed 
in  the  cool  part  of  the  tube  into  a  liquid  heavier  than  water, 
(sp.  gr.  probably  about  1.3.)  On  relieving  the  pressure  by 
breaking  the  tube,  the  condensed  chlorine  instantly  assumed 
the  state  of  gas  or  vapoun 

Sir  H.  Davy  has  found  also  that  muriatic  acid  gas,  gene- 
rated under  similar  pressure,  becomes  an  orange  coloured 
liquid,  lighter  than  sulphuric  acid,  and  instantly  assuming  the 
gaseous  form  when  pressure  is  removed.  Pursaing  the  same 
method  of  experimenting,  Mr.  Faraday  has  succeeded  in  con- 
densing into  a  liquid  state  sulphureted  hydrogen,  sulphurous 
acid,  carbonic  acid,  cyanogen,  protoxide  of  chlorine,  and 
nitrous  oxide.  Other  gases,  and  among  them  the  simple 
ones,  oxygen,  hydrogen,  and  nitrogen,  will,  it  is  probable,  be 
found  condensible  by  nmilar  means,  all  that  is  wanted  being 
the  means  of  apply  ing  sufficient  pressure  in  an  apparatus  .which 
shall  enable  us  at  the  same  time  to  observe  the  accompanying 
phenomena.     (Quart.  Journ.  xv,  74,  163.) 

Conversion  of  Liquids  into  Vapours  under  strong  Pressure. 

It  is  well  known  that  by  means  of  a  Papin's  digester  we  ait 
enabled  to  raise  the  temperature  of  liquids  considerably  above 
the  points,  at  which  they  boil  under  the  mean  pressure  of  the 
atmosphere;  and  itemed  probable  that  the  internal  pres- 
sure augmenting  with  the  temperature,  must  effectually  pre- 
vent  the  total  volatilization  of  the  liquid,  especially  if  the 
•pace,  lefk  above  the  liquid,  is  not  of  a  certain  extent.    But 
provided  sufficient  space  is  allowed  for  the  generated  vapour, 
it  appeared  to  Mr.  Cagniard  de  la  Tour  a  necessary  conse- 
quence,  that  there  should  be  a  limit,  beyond   which  these 
liquids  ought,  notwithstanding  the  pressure^  to  be  completely 
volatilized)  and  to  verify  this  opinion  he  was  led  to  make 
some  interesting  experiments. 
A  strong  glass  tube,  containing  about  two  fifths  its  capacity 


of  alcobd,  sp.  gr.  837>  being  carerully  heated,  the  slcohol 
continued  to  expand,  till,  aiit^r  having  attained  nearly  double 
ils  original  volume,  it  was  converted  into  vapour  so  trans- 
parent, that  the  lube  appeared  completely  empty.  Allowing 
it  to  cool,  the  alcohol  was  again  condensed  into  a  li<]uid. 
When  ifac  proportion  of  alcohol  to  the  capacity  of  the  tube 
wa«  increased,  the  consequence  was  the  bursting  of  the  tube. 
Similar  results  were  obtained  with  naphtha  and  ether,  the  latter 
requiring  less  apace  than  the  former  for  being  converted  into 
vapour  without  breaking  the  tube;  and  naphtha  less  space  than 
alcohol.  No  difference  was  occasioned  by  the  presence  of 
atmospheric  air  in  the  tubes,  or  its  exclusion  from  them,  ex- 
cept that  the  ebullition  of  the  liquid  was  tlien  much  more 
moderate. 

The  same  success  did  not  attend  the  first  attempt  to  con- 
vert water  into  vapour;  for  when  a  tube,  about  one  third  filled 
with  water,  was  similarly  heate<^l,  it  burst  with  an  explosion. 
The  inner  surface  of  the  glass  tube  appeared  also  to  have 
been  acted  upon,  its  transparency  being  impaired. 

M.  de  la  Tour  afterwards  determined,  by  means  of  a  guage 
which  measured  the  bulk  of  a  confined  portion  of  air,  sub- 
jected, through  the  intervention  of  a  column  of  quicksilver, 
to  the  pressure  of  the  generated  vapour,  the  density  of  the 
latter.  Alcohol  converted  into  vapour,  and  occupying  a 
space  a  little  exceeding  three  times  its  original  volume,  he 
found  to  exert  a  pressure  =  J19  atmospheres,  and  to  rc<]uire 
a  temperature  of  404-6°  Fahrenheit.  Ether,  under  the  same 
circumstances,  required  a  temperature  of  320°  Fahrenheit, 
and  tJie  force  of  its  vapour  was  equivalent  to  37  or  38  atmo- 
splicres.  Water,  to  which  a  minute  quantity  of  carbonate  of 
soda  had  been  added,  ceased  to  act  upon  glass  tubes;  and 
though  several  tubes  were  broken,  it  was  ascertained  that 
water  itself  may  be  converted  into  vapour,  provided  the  space 
exceed  its  volume  about  four  times.  (Annalea  de  Cbimie  et 
e  Phys.  xxi.  127,  178,  or  Ann.  of  Phitos,  v,  290.) 

Fusion  and  Fblalilization  of  Charcoal, 

Professor  Silliman,  of  Yale  College,  America,  appears  first 

it  have  observed,  on  subjecting  cylindrical  pieces  of  charcoal» 


I 
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tapered  to  ft  point,  tothe  gahank  deflagtatcr  of  Dr.  Hai^  when 
in  powerful  action,  that  the  charcoal  point  of  the  positire 
pole  instantly  shot  out  ^th,  ^th,  or  even  ^th  of  an  indi.  The 
charcoal  of  the  negative  pole  underwent,  in  the  mean  dme,  a 
change  precisely  the  reverse^  its  point  disappearing,  and  a 
craterHshaped  cavity  being  substituted  in  its  stead.  By  plac- 
ing a  piece  of  metal  at  the  negative  pole  in  lien  of  charcoal, 
it  was  ascertained  by  the  absence  of  the  usual  pbenomens, 
that  the  increase,  before  observed  in  the  charcoal  at  the 
positive  pole^  was  occasioned  by  an  actual  transference  of 
charcoal,  from  the  former  to  the  latter.  On  examining  with 
a  magnifier  the  projecting  point  of  the  charcoal  at  the  positive 
pole^  it  was  found  to  have  undergone  distinct  fusion  into 
small  spheres  collected  into  botryoidal  or  mamiilary  ccmcre- 
tions.    (Ann.  of  Phil.  iv.  119.) 

These  experiments  have  been  repeated,  with  similar  re- 
sults, by  Professor  Griscom  of  New  York.  The  charcoal,  he 
observes,  seems  to  pass  over  in  the  state  of  vapour,  to  be  con- 
densed on  the  positive  pole,  and  then  to  undergo  fusion  by 
the  intense  heat.  Charcoal,  after  being  thus  fused,  is  found 
to  have  become  much  harder,  and  to  have  acquired  a  great 
increase  of  specific  gravity,  sinking  readily  to  the  bottom  of 
strong  sulphuric  acid.  It  is  rendered  so  much  less  combus- 
tible^ that  it  remains  unaltered,  when  ignited  on  an  iron  plate 
with  free  access  of  air ;  but  in  a  close  vessel  of  oxygen  gas,  it 
was  found  entirely  convertible  into  carbonic  acid  by  the  solar 
rays  concentrated  upon  it  by  a  powerful  lens.  Boiling  sul- 
phuric acid  is  scarcely  changed  by  it;  and  in  strong  and 
heated  nitric  acid  the  effect  is  slight,  and  ceases  the  moment 
the  heat  is  withdrawn.  (American  Journal  of  Science,  v. 
861.) 

CUoro-carbonic  Acid—Pkosgerie  gas  of  Dr.  John  Davy. 

(Omitted   in  its  proper    place  after  the    Compounds  of 
Chlorine  and  Carbon,  vol.  i.  page  354.) 

When  equal  volumes  of  chlorine  and  carbonic  acid  gases, 
both  previously  dried  by  fused  chloride  of  calcium,  are  intro- 
duced into  a  flask  which  has  been  exhausted  of  air,  and  are 
then  exposed  for  a  quarter  of  an  hour  to  brisrht  sunshine*  com- 
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bination  takes  place,  the  colour  of  the  chlorine  disappears, 
and  the  constituent  gases  are  condensed  into  half  their  united 
volumes.     Hence  its  specific  gravity  must  be  equal  to  the  spe- 
cific gravity  of  chlorine  (2.5)  +  that  of  carbonic  oxide  (0.9722) 
=  S.4722,  and   100  cubic  inches  must  weigh  105.9  grains. 
Being  produced  by  the  agency  of  light,  it  was  called  by  Dr. 
Davy  phosgene  gasj  but  as  it  exhibits  distinctly  acid  proper- 
ties, it  has  since  been  better  termed  chloro-carbonic  acid.    It 
is  constituted  of  an  atom  of  carbon,  an  atom  of  oxygen,  and 
an  atom  of  chlorine,  or  of  an  atom  of  carbonic  oxide  and  an 
atom  of  chlorine.     Its  equivalent,  therefore,  is  14  +  36  =  50. 
Chloro-carbonic  acid  has  an  intolerably  pungent  odour, 
and  excites  a  copious  flow  of  tears.    It  reddens  litmus  paper. 
By  contact  with  water,  it  is  changed  into  muriatic  and  car« 
bonic  acid  gases.     It  condenses  four  times  its  volume  of  am- 
moniacal  gas,  and  the  product  is  a  white  neutral  salt,  from 
which  the  more  powerful  acids  disengage  muriatic  and  car- 
bonic acids,  but  acetic  acid  dissolves  it  without  effervescence. 
Several  of  the  metals  decompose  it,  and  unite  with  the  chlo- 
rine, evoWing  carbonic  oxide  equivalent  in  volume  to  the 
original  gas. 

Chloro-carbonic  gas  affords  then  an  example  of  an  add 
with  a  simple  base,  and  two  acidifying  principles,  oxygen 
and  chlorine,  which  are  not  oflen  united  in  the  performance 
of  this  function. 

New  jlcid  {the  Hydroxanthic,  or  Carbo-sulphuric)  prodttced 
by  the  Action  of  Alkalis  on  Bisulplmret  of  Carbon. 

When  bisulphuret  of  carbon  is  gradually  added  to  a  solu- 
tion of  pure  potassa,  in  alcohol  containing  96  or  98  per  cent. 
pure  alcohol,  and  the  mixture  is  agitated,  the  alkali  is  com- 
pletely neutralized  by  the  formation  of  a  new  acid.     This  new 
acid  contains  sulphur,  carbon,  and  hydrogen,  the  two  first  of 
which  probably  form  a  compound  base,  analogous  to  cyano- 
gen, and,  like  it,  acidifiable  by  hydrogen.     To  the  base,  Mr. 
Zeise,  Professor  of  Chemistry  at  Copenhagen,  who  first  no- 
ticed these  facts,  has  given   the  name  of  xanihogene  (fro^l 
{avdo^,  yellow,  and  rcwasi,  to  generate)  on  account  of  the 
yellow  colour  of  its  compounds;  and  to  the  acid  that  of 
hydroxanihic  add. 
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The  neutral  solution,  obtained  in  the  above  manner,  mfly 
be  made  to  tlejiosit  crystals  by  lowering  its  lemperalure  to  the 
freezing  point,  or  by  exposing  it  under  an  exhausted  receiver 
along  with  sulphuric  ncid.  These  crystals  are  the  fiydrta- 
mithiUe  nfpotiisia.  7"hey  are  needle-shaped  j  n-ithout  colotir, 
except  after  exposure  to  the  air,  which  renders  them  yellow; 
liave  a  peculiar  odour ;  a  taste  at  6rst  cooling,  and  then  sharp 
and  sulphurous;  are  extremely  soluble  in  water,  thoi^h  not 
deliquescent;  in  a  less  degree  in  ether;  and  not  at  all  in 
naphtha.  The  watery  solution  becomes  milky  when  exposed 
to  the  air,  and  soon  manifests  an  excess  of  alkali.  Sulphuric 
or  muriatic  acid,  diluted  with  four  or  five  parts  of  water,  ami 
added  in  due  quantity  to  the  watery  solution,  occasion  no 
eiTervcscence,  but  cause  the  separation  of  an  oily  lookiog  fluid 
heavier  than  water.     This  is  the  hydroxanlh'tc  acid. 

Solution  of  baryta  in  water  or  in  acids,  muriate  of  limr, 
and  sulphates  of  magnesia  or  alumina,  do  not  aflect  tbehj^- 
droxantliate  of  potassa;  but  several  mclnllic  salts  occ»ion 
precipitates,  which  are  compounds  not  of  the  metallic  oxidei 
with  the  new  acids,  hut  of  the  metals  wiih  xantliogtm.  Hence 
M.  Zeise  proposes  to  call  thcni  xanthiirei ,-  but  it  is  more  con- 
sistent with  the  nomenclature  followed  in  this  work  totem 
them  xanlhhles,  analogous  to  chlorides,  cyanides,  &c  Sevenil 
of  the  xanthides  are  described  by  their  discoveren. 

The  hydroxaiilliaie  of  polaisa  is  decomposed  when  dislIM 
pel-  ic,  and  yields  an  oily  fluid,  wlih  a  gas  which  has  the  smell 
of  onions,  but  in  which  nothing  could  be  discovered  but  car* 
bonic  acid  and  sulphureted  hydrogen.  At  a  red  heat*  in  the 
open  air,  it  takes  fire,  and  is  consumed  tranquilly  willt  a 
bluish  flame,  hut  in  the  flame  of  a  candle  it  burns  actinfv, 
emitting  bright  sparks. 

Hydroxnnthates  of  soda  and  ammonia  may  be  prepwH 
with  alcoholic  solutions  of  those  alkalis  and  bi-snlphnret  of 
carbon ;  those  of  harytu  and  lime  with  hydroxanthk  »oi 
and  their  respective  carbonates.  The  salt,  with  base  oftoih 
is  a  little  delicjuescent. 

Hydroxanthic  acid,  separated  by  more  powerful  nciib  ftOi 
its  saline  compounds,  with  some  precautions  which  M.  Ze*» 
has  jiointed  out,  is  liquid  at  common  tcmpcmturvs,  ai>dcT« 
below  them ;  U  has  the  aspect  of  a  transparent  colotuka  <3; 
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in  spedfie  gravity  it  exceeds  water;  and  it  is  not  iniscible 
with  that  fluid.  Exposed  to  the  air,  it  soon  becomes  covered 
with  a  white  opake  crust.  Its  smell  is  powerful  and  peculiar* 
It  has  a  taste  at  first  acid»  then  astringent  and  bitter;  litmus 
paper  is  completely  reddened  by  it,  but  a  part  of  the  paper 
soon  changes  to  a  yellowish  white.  It  is  inflammable^  und 
bums  with  a  smell  of  sulphurous  acid.  A  temperature  below 
21^  decomposes  it  into'  bi-sulphuret  of  carbon  and  a  conw 
bustible  gas.  When  much  divided  by  agitation  with  waterg 
it  is  decomposed  in  a  short  time,  giving  out  bubbles  of  gasi 
It  expels  carbonic  acid  from  alkaline  carbonates.  The  oxides 
of  common  metals  (cc^per,  lead,  mercury,  &c.)  decompose  it 
by  giving  up  their  pxygen  to  the  hydrogen  of  the  acid,  and  the 
xanthogene  unites  with  the  metal,  forming  xanthides. 

The  presence  of  hydrogen  in  hydroxanthic  acid  was  esta^ 
Uished  by  the  results  of  acting  upon  it  with  iodine,  which  oc* 
casioned  a  distinct  production  of  hydriodic  acid,  a  compound 
of  iodine  and  hydrogen.  ( Annalcs  de  Chim.  et  de  Pbys.  xxi» 
160,  and  Ann.  of  Phil.  N.S.  iv.  241.) 

Pyro-diric  Acid. 

M.  Lassaigne  has  given  this  name  to  an  acid,  produced  by 
the  destructive  distillation  of  citric  acid.  When  citric  acid 
is  heated  in  a  retort,  it  first  fuses,  and  then  parts  with  nearly 
the  whole  of  its  water  of  crystallization.  The  liquid  products 
are  of  two  difierent  kinds ;  the  one,  of  an  amber  colour  and 
oily  consistence,  occupies  the  bottom  of  the  vessel ;  the  other 
colourless  and  liquid  like  water,  and  floating  over  the  former, 
has  a  decidedly  sour  taste.  It  is  found,  however,  on  examin- 
ing the  oily  fluid  thait,  along  with  its  bituminous  taste,  it  has 
a  strongly  acid  one;  and  on  agitating  it  with  water,  and  then 
allowing  the  mixture  to  stand,  the  water  when  decanted  is 
rendered  acid.  The  oily  fluid,  left  to  itself,  soon  becomes 
acid  again,  and  deposits  white  crystals  which  are  also  strongly 
acid.  When  again  agitated  with  water,  only  a  small  portion 
re^assumes  the  oily  form ;  or,  if  kept  under  water,  it  is  soon 
acidified. 

The  colourless  liquid  and  the  oily  fluid  both  contain  an 
add,  whicb  has  properties   difiering  essentially  from  those 
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both  of  die  citric  and  the  acetic.  It  may  be  obtained  pure, 
by  first  saturating  it  with  lime,  and  then  disengaging  it  by 
oxalic  acid ;  or  by  decomposing  the  calcareous  salt  with  ace- 
tate of  lead,  and  treating  the  precipitate  witli  sulphureted 
hydrogen.     Its  properties  are  the  following: 

It  is  white,  inodorous,  sour  to  the  taste,  and  a  little  bitter ; 
difficult  to  obtain  in  distinct  crystals,  but  presenting  itself 
under  a  white  mass  formed  by  the  interlacement  of  numerous 
fine  needles.     It  is  extremely  soluble  in  alcohol  and  in  water, 
the  latter  of  which,  at  50^  Fahrenheit,  takes  up  one  third  its 
weight.     It  ibrms  salts  differing  decidedly  from  those  which 
result  from  the  union  of  citric  acid  with  the  same  bases.    Its 
combination  with  potassa  crystallizes  in  small  needles,  which 
are  soluble  in  four  parts  of  water.     With  lime,   it  yields  a 
salt,  in  needles  which  are  disposed  opposite  to  and  at  angles 
with  each   other,   like   the  leaves  of  fern.     These  crystals 
require  25  parts  of  water  at  50°  for  solution.     The  pyro- 
citrate  of  lime  consists  of  34^  acid,  and  66  base,  excluding  the 
water,  which  forms  30  per  cent,  of  the  crystals.  One  hundred 
parts  of  the  acid  are  equivalent  to  neutralize 

19i.li7  parts  of  lime 

127.272  baryta 

203.  protoxide  of  lead. 

It  is  remarkable  then  that  its  capacity  of  saturation  is 
exactly  the  same  as  that  of  citric  acid ;  but  the  results  of  its 
ultimate  analysis,  effected  by  treating  pyro-citrate  of  lead 
with  oxide  of  copper,  gives  a  perfectly  different  atomic  consti- 
tution, viz. 

Carbon 47.5 

Oxygen 43.5 

Hydrogen 9. 


^ 


100. 
Tliese  results  are  not  very  remote  from 

Carbon 8  atoms 48    •..••.  49.5 

Oxygen 5  ditto   ....  ^ .  40    41.2 

Hydrogen  ...  9  ditto   • 9   ..... .     9.3 

97  100. 
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Melallic  Sulphwreis. 

When  metallic  oxides,  including  under  that  name  the  fixed 
alkalis  and  earths,  are  heated  with  sulphur,  it  appears  that 
part  of  the  sulphur  unites  with  the  oxygen  of  the  oxide,  and 
the  remainder  with  the  metallic  base.  The  same  combuiation 
is  effected  by  igniting  the  sulphates  in  contact  with  charcoal, 
especially  in  a  manner  lately  pointed  out  by  Berthier,  which 
avoids  the  uncertainty  arising  from  an  excess  of  charcoal. 
He  places  the  sulphates  in  the  centre  of  a  crucible  thickly 
lined  with  charcoal,  and  after  covering  them  with  charcoal, 
and  luting  on  a  cover,  heats  the  whole  in  a  furnace.  In  this 
way  the  sulphates  are  reduced,  as  it  were,  by  cementation, 
the  time  required  being  proportionate  to  the  teniperature,  the 
fusibility  of  the  sulphurets,  and  the  quantity  of  materials 
operated  upon.  In  this  way,  not  only  arc  pure  sulphurets 
obtained,  but  the  result  may  be  collected  without  the  smallest 
loss,  its  weight  ascertained,  and  the  weight  of  oxygen  evolved 
accurately  estimated.    (Quart  Journ.  xv.) 

The  sulphates  of  baryta,  strontia,  and  lime,  sustain  a  loss 
exactly  equivalent  to  the  oxygen  contained  in  the  acid  and 
base.  When  the  sulphurets  thus  formed  are  dissolved  in 
muriatic  acid,  nothing  is  disengaged  but  pure  sulphureted 
hydrogen  gas,  no  sulphur  is  liberated,  nor  is  any  acid  con- 
taining sulphur  and  oxygen  formed.  The  sulphurets  then 
contain  no  oxygen,  and  the  base  is  in  the  metallic  state* 

The  following  Table  exhibits  the  composition  of  some  of 
the  sulphurets  as  determined  by  Berthier.  In  the  last  column  I 
have  stated  the  theoretical  composition,  assuming  the  equiva- 
lents annexed  to  the  metals  to  be  correct. 

Equivalent  of     From  experiment.  From  tlMory. 

MetaL  MetaL       Sulphur.  MeCaL       Sulphur. 

Sulphuret  of  Barium. .,  70  ..  100  +  24..47  . .  100  +  22.85 

Strontium  4i  . .  100  +  36.60  . .  100  +  36.36 

Calcium..  20  ..   100  +  78.30  ..  100  +  80.00 

Potassium  40  ..  100  +  41.06  . .  100  +  40.00 

.Sodium..  24  ..  100  +  69.27  ..  100  +  66.66 

Zinc S3  ..  100  +  50.00  . .  100  +  48.48 

Manganese28  ..  100  +  56.32  ,.  100  +  57.14 


670  ADOBNBA* 


Equivalent  Number  for  NickeL 

M.  LassaigDe  hat  lately  been  induced  by  the  consideralkm 
of  the  difficuliy  of  purilying  nickel  from  cobal^  to  examine 
some  of  the  compounds  formed  with  nickel  of  known  purity. 

There  are  two  oiddes  of  nickel ;  the  protoxide^  which  is 
formed  whenever  nickel  is  dissoWed  in  acids»  and  the  den- 
toxide,  produced  by  the  action  of  chlorine  on  the  protoxide 
in  the  way  pointed  out  by  Thenard.  The  piptoxide  is  of  an 
ash  grey  colour,  it  dissolves  in  acidsf  and  forma  green  solo- 
tionsy  from  which  alkalis  throw  down  an  apple  green  hydrate 
or  hydroxide.  This  oxide,  obtained  by  dissolving  nickel  in 
nitric  acid,  and  gently  calcining  the  product  consists  of 

Nickel  ....  83.34   100   •  •  • .  1  atom  =  40 

Oxygen...  16.66    20   ....  1  ditto  s    8 

100.  180  48 

The  deutoxide  of  nickel  is  a  brilliant  Uack,  and  has  many 
analogies  with  peroxide  of  manganesci  lik»  whidi  it  gives  off 
oxygen  at  a  red  heat,  and  evolves  chlorine  from  muriatic 
acid.     It  is  constituted  of 

Nickel  ....  71.43    100   ....  1  atom  =  40 

Oxygen    . .  28.57    40   ....  2  ditto  =  16 

100.  140  56 

The  protochloride,  obtained  by  evaporating  to  dryness  a 
solution  of  nickel  in  muriatic  acid,  consists  of 

Nickel  ....  52.64   ......  100   1  atom  40 

Chlorine. . .  47.36   ......     90    1  ditto  36 

100.  190  76 

The  deutochloride,  which  sublimes,  when  the  foregoing 
compound  is  heated,  in  light  shining  yellow  crystals,  is  form- 
ed of 


ADDENDA*  671 

Nickel  •  •  •  •  35.12 100  1  atom  40 

Oxygen.  ••  64.28   180  ......  8  ditto  73 

100.  280  112 

The  sulphuret  consists  of 

Nickel  ....  71.4S 100  ......  1  atom  40 

Sulphur   ..  28.57    40 1  ditto   16 


100.  140  56 

All  these  numbers  concur  in  fixing  the  equivalent  of  nickel 
at  40;  but  before  finally  adopting  that  number,  it  will  be 
desirable  that  the  experiments  should  be  confirmed  by  careful 
repetition. 

Indigo. 

An  interesting  paper,  containing  <<  Experiments  and  Ob- 
servations on  Indigo,  and  on  certain  substances  which  are 
produced  fi*om  it  by  means  of  Sulphuric  Acid,"  by  Mr.  Wal- 
ter Crum  of  Glasgow,  appeared  in  the  Annals  of  Philosophy, 
N.S.  V.  81.  Of  this  paper  I  shall  give  only  a  brief  notice, 
referring  to  the  memoir  itself  those  who  are  concerned  in  the 
practical  use  of  indigo. 

To  obtain  indigo  of  sufficient  purity  for  experiment,  the 
yellow  solution  of  de-oxidized  indigo  by  lime,  which  forms 
the  dyer's  blue  vat,  may  be  agitated  in  contact  with  air,  which 
will  revive  the  indigo,  and  precipitate  it  purified  to  a  certain 
degree.  The  precipitate  may  be  digested  in  dilute  muriatic 
acid,  which  will  remove  a  little  iron  and  carbonate  of  lime.  It 
is  then  to  be  washed  with  distilled  water,  and  dried. 

Indigo  may  be  purified  more  completely  by  sublimation. 
About  ten  grains  of  purified  indigo,  in  lumps  of  about  1  grain, 
may  be  placed  in  a  shallow  metallic  capsule  of  about  3  inches 
diameter,  covered  with  a  similar  capsule,  the  concave  sides 
of  both  being  placed  inwards,  and  at  a  distance  not  exceed- 
ing three  eighths  of  an  inch  in  the  middle.  Mr.  Crum  med 
two  platinum  crucible  covers,  but  similarly  shaped  vessris  of 
other  metals  would  probably  answer  equally  well.  The  lower 
capsule  is  to  be  heated  by  a  spirit  lamp;  and  when  a  hissing 
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noise,  which  at  first  attends  the  process,  has  nearly  ceased,  the 
lamp  is  to  be  withdrawn,  and  the  apparatus  allowed  to  cool. 
On  removing  the  cover,  the  sublimed  indigo  is  found  planted 
on  its  inner  surfiice,  forming  long  flat  needles  in  qoantity^equal 
to  18  or  20  per  cent,  of  the  original  weight,  and  of  a  brilliant 
and  intense  copper  colour.  The  colour,  however,  varies  with 
the  circumstances  under  which  the  crystals  are  observed.  The 
specific  gravity  of  the  sublimate  is  1.3. 

Sublimed  indigo  is  fusible  and  volatile  at  a  heat  of  about 
550^  Fahrenheit,  leaving  no  residue  when  heated  in  open  ves- 
sels. Its  vapour  is  transparent  and  of  a  beautiful  violet  colour, 
differing  from  that  of  iodine  by  a  shade  of  red.  The  melting 
point  of  indigo,  that  at  which  it  sublimes,  and  that  at  which  it 
is  decomposed,  appear  to  be  remarkably  near  each  other. 
Boiling  oil  of  turpentine  dissolves  enough  of  purified  Indigo 
to  acquire  the  same  fine  violet  colour  as  its  vapour,  but  de- 
posits it  again  on  cooling. 

By  the  ignition  of  sublimed  indigo  with  peroxide  of  copper, 
in  green  glass  tubes,  its  analvsis  gave 

Carbon 73.22 

Azote 11.26 

Oxygen 12.60 

Hydrogen ••••  2.92 

100.00 
Theso  numbers  correspond  very  nearly  to 

Carbon  .•••  16  atoms  =  96  .•••  or   ••••  73.84 

Azote 1     ditto     =   14 10.77 

Oxygen....  2     ditto     =   16 12.31 

Hydrogen . .  4     ditto     =     4 • .  3.08 

Ec^uivalcnt  number ISO  100. 

Mr.  Crum  objects  properly  to  the  application  of  the  term 
indigogene,  applied  by  Brugnatelli  to  sublimed  indigo^  and 
denies  the  power,  which  has  been  ascribed  to  the  sublimate, 
of  amalgamating  with  mercury. 

When  indigo  is  acted  upon  by  strong  sulphuric  acid^  it  is 
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not  merely  dissolveil,  but  if  heat  be  afiplicd  is,  in  less  than 
21  Lours,  changed  into  a  new  substance.  No  sulphurous  acid 
lit  evolved,  nor  is  there  any  absorption  of  oxygen  from  the 
air,  or  any  separation  of  carbon.  From  the  solution,  diluted 
with  water,  potassa  and  its  sulphate  throw  down  a  deep  blue 
precipitnte,  which  is  soluble  in  water,  and  capable  of  passing 
through  a  filter,  but  is  not  soluble  in  saturated  solutioas  of 
salts  with  base  of  putassa.  The  precipitate  was  purified, 
therefore,  by  washing,  first  with  u  solution  of  acetate  of  po- 
tossa,  and  then  with  alcohol.  The  edulcorated  )n-ccLpitate 
has  when  wet  a  colour  of  so  deep  a  blue  as  to  appear  black ; 
when  dry  it  is  copper  red.  It  attracts  water  rapidly  from  the 
air;  is  soluble  to  a  considerable  extent  in  boiling  water;  but 
requires  110  parts  of  cold  water  lijr  solution.  Water  con- 
taining only  Tu  u'.Ton^''  "'^  '^^  weight  of  the  precipitate  is  still 
distinctly  blue.  The  cold  solution,  diluted  with  20  parts  of 
water,  is  precipitated  by  salts  of  potassa,  soda,  lime,  baryta, 
strontia,  lead,  and  mercury,  and  the  precipitates  are  not  re- 
dissolved  by  acids.  A  variety  of  other  salts  that  were  tried 
were  found  not  to  produce  the  same  eflecL 

From  tlie  analysis  of  this  precipitate,  Mr.  Crum  considers 
it  to  be  a  compound  of  sulphate  of  potassa  with  a  peculiar 
substance,  to  which  he  gives  the  name  of  CcruUit,  and  to  the 
precipitate  thai  of  Ceruleo-sulpfiate  of  Potassa,  In  ils  pro- 
perty of  forming  insoluble  compounds  with  neutral  salts, 
cerulin  is  analogous  to  tan,  which,  according  to  Sir  H.  Davy, 
has  similar  efflcU  on  several  of  the  salu  of  potassa.  From 
its  ultimate  analysis,  cerulin  appeared  to  consist  of  1  atom  of 
indigo  +  4  atoms  of  water, 

If  the  action  of  the  sulphuric  acid  on  indigo  be  suspended 
before  it  has  gone  far  enough  to  produce  cerulin,  which,  at  the 
ordhiary  heat  of  summer,  may  be  three  hours,  at  100  Faht., 
twenty  minutes,  a  new  substance  altogether  diflerent  from 
cerulin  is  produced,  possessing  rather  singular  properties. 
One  part  of  purified  indigo  may  be  agitated  with  ten  of  sul- 
phuric acid  in  a  stoppered  vinl,  till  it  assumes  o  bottle-green 
colour,  then  poured  into  a  large  quantity  of  distilled  water, 
agitated,  and  thrown  on  a  fdter.  On  continuing  to  wash  the 
substance  on  the  filter,  with  more  water,  Uie  first  washings 
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are  odourlessj  and  must  be  thrown  away ;  hot  afterwards  a 
blue  liquid  passes  through,  which  contains  the  new  substance. 
Muriate  of  potassa  precipitates  it  of  a  beautiful  reddish  purple 
colour,  exactly  similar  to  that  of  the  Yapour  of  indigo.  The 
precipitate  is  to  be  thrown  on  a  filter,  and  washed  with  dis- 
tilled water,  till  the  liquid  which  passes  through  forms  a  red 
precipitate  with  nitrate  of  silver.  From  the  property^  possessed 
by  this  substance,  of  becoming  purple  coloured  on  the  addition 
of  certain  salts,  Mr.  Crum  terms  it  phmecin, 

Phenecin  is  soluble  both  in  water  and  alcohol,  and  the  so- 
lution in  both  cases  is  blue*  All  saline  substances  witboot 
exception  precipitate  it  again  of  its  original  colour,  but 
some  require  to  be  added  in  much  larger  proportion  than 
others.  Acids  do  not  prevent  its  precipitation.  It  dissolves 
in  liquid  ammonia,  but  fixed  alkalis  destroy  it,  though  not 
very  easily.  Sulphuric  acid  dissolves  it,  and  in  due  time  con- 
verts it  wholly  into  cerulin. 

From  its  ultimate  analysis,  Mr.  Crum  is  disposed  to  consider 
phenecin  as  constituted  of  1  indigo  +  2  water.  It  would  be 
remarkable,  however,  if  the  continued  action  of  sulphuric  add 
should  be  found  to  add  two  atoms  of  water,  which  must  be 
the  case  if  the  constitution  of  this  substance  and  of  cendin  be 
correctly  assigned,  the  latter  being  1  indigo  -I-  4  water.  This 
is  contrary  to  the  usual  agency  of  sulphuric  acad,  which,  when 
it  acts  on  vegetable  substances,  generally  abstracts  the  water 
which  they  already  contain. 
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Blam-pipe,  nse  of  In  #zaalalaf  mine- 
ral*, li.  558 
table  sbovrtag  the  charac« 
ters  of  vaHoai  badka  te^ 
fore,  H.  855 
BloW'pipm,  1. 18 

w  i  th  oaygeo  aid  bydf  ogeo, 

BluCfpnutiaHp  ii.  96 

natare  of,  II.  97 
Boa  cotutrlcter,  ezcrcBMBt  of  the.  It 

385 
BoiHng  point,  i.  116 

ofmorearfiUlM 
farled  by-brtiMre,  1. 

118 
of  diibiMt  MMMancei^ 
II.  615 
Beletk  acid,  li.  993 
Bo9i^g9Um  ahospbonN^  k  584 
Borne,  il.  454 

kaawfi,  II.  455 
distillation  of,  ii.  455 
aaalytis  of,  II.  455 
Borade  acid,  mode  of  aMaiaing,  i.  355 
properties  of,  I.  855 
compoaad     of    fluoric 

Willi,  i.  39r 
tcft  of,  H.  584 
nN>de  of  aieerMMng  the 
pnritv  of,  lU  578 
Borate  of  sod»,  i.  544 

mode  of  ascertaining 
the  piifitf  of^  11.  588 
Bom,  I.  544 
Boron,  1.  364 

Bredm,  aaalytii  #f  the,  II.  488 
J7ra«e,  il.  18 
Brai^l  wood,  ai-  %  dye,  9, 98i 


eao 

Bra*U  wood,  infusion  nf,  «a  a  li 

Brighton  wain.  ii.  654 
Bral»l  waler,  11.  653 
JJro.M,  ii.  42 
Jlrneite'tblow-plpr,  i,  13 
Bralh.  il.  459 
Sruda,  ->i.  S8S 
MnUcr,V\.Ka 

at  uitimony,  Ii.  70 
bhoiolh,  ii.  »i 
linr,  I).  U 
Biislv  KBier,  il.  B53 


.  '■« 
Ou'tpnl  oil,  ii.  85* 
Calamine,  II.  15 
Caltium,  i.  559 

pernxide  of,  i.  556 
chloride  of,  <.  557 
iodide  of.  i.  558 
Buoride  of,  i.  SOft 
Cilnti,  OTiDarj,  ii.  W."* 

Tirieiieeof,  ii.  440 
ofbrDln,ii.  453 
biliary,  il.  417 
CaBct^rinttiig,  il.  359 
Cali)mel,\i.  113 

mode  of  aicerlaining  ill  pn- 
rity,  ii.  5BS 
Calorie,   generni  obieniUinni  on,  i.  79 
repnlii*;,  1.  SO 
expand)  bodiei,  1.  83,  89 


:,   ilie  caute  «f  Tap»ar,  I.  lU 
iit  pBtticin  rcpabite.  i.  ItO 
abiotbed    in  eupotuiM,  i. 

IVfi 
evolved  dailni:  Um  condna. 

tjon  of  npoar,  L  lis 
Ibr  whole  quuiily  la  aM; 

cnnDol  lie  mcaiaied,  I.  \ft 
clieaiealli  coubiard  iopm, 

<.  ise 

eioUed  fraia    t^tn  b)  mt- 

cbanical  prewnir,  i.  IS' 
probnbl*  ideulicnl  »ilkli(kt, 

i.  151 
general  I  jialnotbed  doriafN- 

lalioo,  i.S59     . 
charcoal,  a  *erf  >lo>  (*■■ 

dncior  of,  i.  338 
table  of  rffecli  of,  ii.  A!4 
opoaiioa  of  air  bj.ii.nl 
llqaidi  bj,  tU 

6a« 

waier   b;,   lu 
68* 

i,iedlic,Cableiof,i.  I»,lil 
frit,  etttcU  uf,  i.  89 
Imttnl,  U  »6,  IKS 

appaiaiui  for  dniil 
Ibe  Boa  iapwW 
hcU  mp«ci)i!,  i. 


ilibrim 


1.88 


1  loimeaiurabl}  quick 
ail  dlrtclioui,  i.  83 
condurtiog   power  of  bodiet 
for,  i.  65 
cfferti  in  whicit  il  lotet  iudit- 
liDKuitbing  prciperllei,!.  86 
absorbed  in   liquefaclion,  I. 

86 
|[i ling  out  by  Increnjinj'  the 

dentily  of  bodict,  i.  SG 
whelhtr chemically  combioed 
when  latent,  i.  87 


i.  87 


abiolnle  quanlily  of,  I.  88 
rcHecdon  of,  i.  101,459 
reFracliimof,  i.  103 
abinrplion  of,  104 
conductort  of,  105 
Ihecauieofliquldlly,  i.  IK 
given  nut   by  liquidi  on  bi 


I  «ali  from  In  toluiioi 


.fjluidily.  i.   110 
rniliml,  i.  04 
tptctjlc,i.  14(i 
Calerimehr,  i.  Ill 
Caapker,  <t,  833 

acidiflcatioD  of,  Ii.  833 
arliliciBi   lubslaocn  mt*- 
blin^,  ii,  S33 
CrHiie/caar,  ii.  89T 
Canlon't  i>ho>phonii,  i.  160 
CatvlcSeuc,  il.  !53 

preparation  of  elhfl  '•> 

diitolving,  ii.  333 
loluble  in  caJepBi  (il,  i'- 

854 
analjiit,  ii.  EM 
mineral,  ii.  1i9't 
CBpacilg  for  caloric,  i.  67 
Carton,   i.  388 

cambnslion  of,  i.  333 
Tapour  of,  ill  deoiily,  i.  Ul 
compouudi  wilb  chtoriitf.  i. 

hjdrogct,  i- 

hydro-cbloride  of,  i.  41T 
hrdm-Udideof.  I.  Ill 
■iilphnret  of,  new  kcid  forwe^ 
from,  iU  665 


uniBZ* 


081 


rhmf   gaicoofl  oiide  of,  U  345 

CfMibiimUoB    of     hydrogen 

wilh,  i.  41 1 
cmnpottodt  of  cblorioe  with, 

i.S48 
•olphuret  of,  i.  451 
pbotpboret  of,  i.  MO 
rb0mal9  ofMMMBia,  i.  408 
terjia.  i.  518 
copper,  ii.  95 
glQcioa,  i.  600 
iroo,  ii.  85 
lead,  ii.  106 
]iBM>,  i.  50S 
BMigaeiia,  i.  593 
potaasa,  !•  521 
Mda,  i.  541 
ttroBlla,  i.  588 
ytlria,  i.  dOl 
rloHk  acid,  i.  385 

coBipoftition  of,  t.  335, 

337 
netiiod  of  procariog,  i. 

338 
analysit  of,  337, 338 
properties  of,  i.  339 
generated      io    several 
cases  of  combust  ion, 
i.  348 
tests  of,  ii.  500,  501 
gas,   quantity   of,    ab^ 
sorbcd  by  wa^ 
ter,  i.  341 
weigliC  of,  i.  340 
its  effects  on  vege- 
tntioB,  i.  345 
oxide,  qvanlity  of,  absorbed 
by  water,  i.  253 
its   comblBation    witb 
cbloriBe,  U.  664 
trhmdc  oxide,  I.  345 

method  of  procnring, 

i.  345 
properties  of,  i.  346 
ur^9»iulpkureii,  u  451 
trkureii,  i.  490 

of  iron,  ii.  32 
of  nitrogen,  i.  439 
nr5iirefrd  hydrogen,  quantity  of,  ab- 
sorbed by  wa- 
ter, i.  253 
several  varieties 

of,  i.  411 
methods  of  pro- 
coring,  i.  412 
combustion   of, 

1.413 
specific  gravity 

of,  I.  413 
action  of  cblorioe 
00, 1.  414 
(irMad  water,  |i.  A51 


Cwrmjae,  bow  made,  ii.  264 
QiriUag;  ii.  458 
Cmeic  acid,  ii.  423 
oxide,  ii.  42S 
GcMtiff,  purple  powder  of,  ii.  136 
CMttoTt  ii.  317 
CateekUy  ii.  174 
Catkarthu^  il.  308 
CmuHc^  lunar,  ii.  125 
Cawk,  i.  583 
Ckratin,  ii.  177 
Cerin,  ii,  275 
CeriwH,  ii.  75 

bow  procured,  ii.  76 
action  of  acids  of,  ii.  76 
analysis  of  ores  of,  ii.  558 
CeruUn,  ii.  673 
Certimen,  ii.  376 
Cerate.    See  WAUe  Lead 
CUie  acid,  ii.  381 
Ckmin  of  cups,  galvanic,  I.  168 
CAnOr,  i.  562 
Chameleom  mineral,  ii.  9 
Charcoal,  i.  328 

how  obtained,  I.  329 
quantities  afforded  by  differ* 

cut  kinds  of  wood,  i.  329 
its  properties,  i.  330 
imbibition  of  gases  bv,  i.  331 
resists  putrefaction,  i.  332 
a  slow  conductor  of  caloric, 

i.  332 
fusible   by  galvanic  electri* 

city,  ii.  663 
why  it  makes  the  best  iron. 

11.  33 
how   prepared   for  making 

gunpowder,  ii.  256 
See  Carbon, 
CkMte^  U.  41^1 

Cketienkam  waters,  ii.  652,  654 
Okcmicol  laboratory,  I.  1 

elements,  new  system  of,  I* 

44 
apparatus, !.  2 
afliaity,  i.  28,89 

bow  eMtaiad^  i.  39 
causes  that  modify 

lis  actioB,  i.  56 
if     oot     BMidifled, 
would    unite  l>o* 
diteinall  propor* 
lions,  i.  61 
unites  atosBS  in  siau 
plo     proportioBB 
only,  I.  45 
estiamtion    of     its 

forces,  i.  65 
experimental  illns« 

tratloos  of,  1. 18 
Its  general  tttcU^  U 
39 
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Glktfiileaf  attaity  of  CMipmroii  ile  re* 

suit  of  Ibe  aftai. 
ties  of  their  elo. 
menis,  i.  66 
vill^okceffectwUk. 
oat   tolutloDt     i. 
31 
dot§  not  lake  place 
.    at  a  pereeptible 
distance,  i.  75 
cqaivalentf,     table    of,     ii. 
635 
Ckemiiiiyt  distinguished  from  aateral 
philotopliy,  i,  zi 
deftaed,  i.  zii 
nlllitj  of  ilfl  study  as  a  sci- 
ence, i.  ziil 
ecooomical,  i.  xxw 
modes  of  tcadilni^,  f.  xxTiii 
ciassificalioa  of  Che  objects 

of,  i.  xxviii 
new  doctrines  and  noaea* 
clature  of,  i.  xzz 
Chlorate  of  ammonia,  i.  404 
baryU,  i.  676 
lime,  I.  561 
polassa,  §•  513 
soda,  i.  640 
siroBtia,  I,  667 
CUorie  ether,  i.  417  |  M.  880 
acid,  i.  819 

how  procured,  i.  920 
properties  of,  i.  900 
Chhride  of  nitrofeo,  i«  396 
carboo,  i.  348 
phosphoras,  I.  869 
svlplinr,  i.  891 
sodiiun,  i,  687 
CMwidei,  L  481 

of  metals,  table  of,  i.  483 
iif  silver,  ii.  181 
effccU  of  light  aa,  i.  156 
lead,  il.  1U5 
lime,  1.558 
Chlorine^  I.  818 

protezida  of,  1. 9 IT 

Sarazideof,  i.  818 
ydrateaf,ii.601 
theories  of,  i.  874 
and  hydrogen  gases,  effects  of 
diCefcat  coloured  light  on, 

pure,  condensed  into  a  liquid, 

4ii 
cesablned  with  oxygen,  i.  817, 
888 

1  nitrogen,!.  385 
hydrogen,  i.  864 
acAiaa  aa  ammonia,  408 

metals  and    their 
oxides^  1.481 


Chlorki§f  per-azlda  of,  U  810 

carbon  aad  its  aampoaads, 

snlphor  aad  Its  caaspooads, 

i.  390 
tin,  ii.  88 
phospharos,  I.  880 
action  of  iodise  «i,  i.  886 
its  action  aa  gold,  ii.  130 
capper,  ii.  90 
Chlorine  gas,*  I.  813 

how  formed,  i.  813 
its  propertiet,i.814 
condensibla  iato  a  liquid, 
•     ii.  669 

absorbable  by  water,  i. 
9i6 
ChloriQiu^  i.  886 
Chhriodaiee^  i.  896 
CAton'odic  acid,  i.  886 
Chivrophmie,  I.  181 
Chloruret  of  iodine,  i.  886 
Chlorwree  or  ChUrurei»,  i.  481 

SeeCA^ridM. 
Choletiorutej  ii.  418 
Chromium,  il.  57 

analysis  of  ores  of,  ii.  557 
ChrommN  of  lead,  Ii.  60 

of  polassa,  ii.  59 
Chromk  acid,  ii.  58 
CA^mucacid,  ferniretc^,  i.  448;  ii.  tl 

sulpbureted,  i.  446 
anchonia,  ii.  887 
CA^,  M.  486 
CAiae»or,ii.  119 

ssade  of  ascertaining  its  pa- 
rity, ii.  589 
Ctlra<«t,  alkaline,  Ii.  198 
earthy^  M.  199 
metallic,  ii.  900 
Citric  acid,  process  for  obtaining,  11. 
194 
properties  of,  ii.  197 
analysis,  il.  198 
combinations  of,  |i«  199 
effects  of  heat  on,  Ii. 
CTyftMS  of  nitre,  I.  680 
Cook,  ii.  897 

C^ai^   qaantity  of,  reqatred  for  the 
evaporation  of  water,  i.  187 
varieties  of,  ii.  895 
gas  fb-om,  I.  418 
aaalysis  of,  ii.  897,  550 
Omf-mhief,  Are  damp  of,  t.  488 
ComUmg  for  retorts,  i.  9, 10 
CoAolf,  method  of  obtaining,  Ii.  78 
properties  of,  it.  78 
oxides  of»  ii.  79 
chloride  of,  ii.  80 
salts  of,  ll«  80 
alloyi  af,  iU  88 
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C^lott,  Mftlytit  of  MM  oft  ii.  655 
C^cemlmt  iAilicM,  p«ettliar  priaeipl«  of, 

ii.984 
CmMhmI,  li.  868 
Coffke,  ii.  816 
Cohesive  affinity,  i.  88 

Methods  of  Of  ercom- 

Cohesion,  (See    Cohuhtt    Jffinity,)    i. 

89 
Coldy  artificial  Methods  of  produciof:, 
U  185 
prodoced  by  rarefaclioo  of  air, 

i.  1S7 
artificiftl  Methods  of  prodiicinic, 
tables  of  mUUires  for,    11. 
6ii»,687 
Gyfltfr  jolot  for  uoitlDg  long  or  crooked 

tubes,  1.  627 
Colouring  natter,  H.  S5T 
Colours  changed  by  cbentcal  action,  1. 
48 
of  roeUils  changed  by  combina- 
tion ofthcM,  i.  488 
vegetable,  destroyed   by  chlo- 
rine gas,  1.  815 
destroyed  by  charcoal,  i.  338 
substantive   and    adjective^  il. 
858 
Column^ electric,  1.  Ill 
Cotumbiumf  ii.  63 

the  same  at  laBtaUua^  iL 

64 
analysis    of    ores  of,    U* 
558 
C0iii^ui4i/<Mi  alters  Che  properties  of  b»> 

diet,  1.  38 
Comhusiibks,  simple,  I.  889. 
Combutiion,  limited   meaalog   of  the 
term,  I.  804, 810 
in  oxygen  gas,  i.  807 
in     atmospheric    air,     U 

888 
consamoi  oxygen,  i.  808 
increases  the  weight  of  bo* 

diet,  1.811 
snpporters  of,  i.  889 
spontaacons,  iL  830 
Compounds,   their  chemical  action  the 
resall  of  tho  affinities  of 
their  parts,  i.  68 
Conimion  of  caloric,  1.  85, 105 
CbMgsfMiMS,  artificial,  1. 113,  185 
CooUng^  rate  of;  varied  by  difierent 

cifcamstaacea,  L  84 
Copper,  method  of  pnrifylng,  11,  88 
properties  of,  U«  88 
oxides  of;  11.  88 
cUbridoiy  iL  80 
salu  of,  IL  91 

U.8S 


Copper,  sob-sulphate  of,  IL  94 
Mlphito  of,  IL  95 
sub-carboaalo  of,  U.  95 
nitrate  of,  ii.  98 
hydro-oxide  of,  11.89 
sob-nitrate  of,  IL  93 
per-mariale  of,  iL91 
pro-moriato  of,  IL  91 
aetion  of  chlorine  on,  IL  90 
acetate  of,  ii.  97 
salphnret  of,  ii.  98  . 
phosphoret  of,  IL  99 
combination  of  ammonia  wldi, 

ii.93 
alloys  of,  ii.  99 
ferro-cyanate  of,  U.  98 
aneaite  of,  IL  48 
analysis  of  ores  of,  ii.  558 
mode  of  detecting,  11.  578 
CorltaodiUacid,  iL880 
Corrastve  sublimate,  IL  113 

roodeof  discoftfw 

ing»  U.  570 
method  of  ascer- 
taining its  pa- 
rity, li.  588 
Coiion'mills,  probable  cause  of  fires  In, 

ii.  230 
Creomofmilk,  ii.  419 
of  tartar,  IL  813 

mode  of  ascerUinia( 
its  parity,  IL  584 
Crocus  metallorom,  IL  78 
Crucibles,  i.  4 

platinum,  IL  586,  note 
CryophoruSf  L  134 
C^attitaiion,  1. 38 

water  of,  L  88 
Crpttals,  strodaro  of,  L  83;  37 
Qipil,  IL  189 
CupsUoHe;  IL  189 
Cuptiamg  Atraaca,  L  8 
Oird,  iL  481 
Cuii€is,  iL  461 
CVonidM,  i.  441 
Cyanogen,  L  489 

howobtalaid,L439 
Its  propertlct,  L  439 
CyaatfTis,  1. 441 
C^sMeoxido,iL45l 


D. 

Dation,  Mr.  his  now  oyitMi  af 

cal  elcmoaia,  L44 
Deconitiif  Jar,  L  li 
DecMAposMoa,  aflKlid  by 

L176 
•Imple,  I  it 
DeerspittOien,  I.  538 
IMifHUQ$ll€hk9M 
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JklphlM,  it  283 

JDeoxidising  rmyi  of  ll^t,  i.  15S 

Jhiemmikig  pawders,  i.  5«),  516 1  ii. 

117,126,  1S4 
JkuiockMde  of  aerciry,  ii.  US 
Z>eitfo3rftilMf  ii.  477 
Dew,  tbeoiy  of  its  de]K»»itioii,  i.  85 
point  bow  atrrrfoiiied,  i.  857 
JHrnmomif  pure  carboa,  i.  3SS 

comlMMCion  of  Cli^,  i.  SSS 
JHffereniiul  Cbermomcler,  i.  9S 
IHguHmn^  Mcretiom  inbterf  Imt  to,  ii. 

409 
JKImiatiom.    See  Bxpmuimi, 
Jhppeti  oil,  Ii.  455 
J}i8liUaiiom,  I.  6 

leadea  mortu   improper 
for,  ii.  573,  M8 
Dfogm^t  blood,  ii.  834 
JIhtetiie  meUh,  ii.  461 
IhUck  gold,  Ii.  09 
J9|fe<ii^,  art  of,  11.  S58 

coloariog  matter  of  Mood  'may 
be  employed  in,  ii.  408 


£. 


JSorlib,  i.  494 

meant  of  tepanUing,  ii.  589 
EmMttuc^  ii.  876 

Itt  iniaoneo  on  chemical 
affinity,  I.  59 
Bgg-tMb,  ii.  486 
Bggt  white  of.    See  dlkmm. 
Egg$,n.425 
DiaimU.SSS 

BUutk  gam.    See  CamKe*eiic. 
Sltftfc^,  lU  effect  OB  chemical  affi« 
aity,  1.58,61,71 
increaied  by  caloric,  1. 65 
of  metals,  ii.  469 
EUemHMM,  pecaliar  tabitance  from, 

BUcHve  affinity.    See  JJMiy. 
JUtetridtif^  chemical   ageucict   of,    i« 
163. 
theory  of,  i.  186 
£le€frjcipark,  action  on  carbonic  acid, 
1.337 
colonr  of  iogaset|  i.  146 
JSItcfre-mff|r<Mlum,  i.  193 
JSlMfro-meKMi,  i.  187 
BUetro-mtgaiive  bodlci,  i.  804 
Bledro^otiiiv  bodies,  i.  889. 
SkmmUtf  chemical,  delBned,  i.  41 

new  fyitem  of,  i.  44 
Bnuiin^  Ii.  306 
BmtUtiom,  ii.  886 
EnameOing  fnroace.  I«^3, 635 
t^iderwdtf  ii.  461 


BytamtalL  See  Jf^famia,  talphale  of. 
JBfvlMlMtf,  chemical,  deined,  I.  58 

fcaleof,i.5S,n. 
«SC3  of,  ii.  638 
Ubleof,il.63S 
Bumiial  oils  <<•  230 
£fA<r,  effecii  of  caloric  on,  i.  180 

of  healing  ander   pres- 
sure, ii. 
iolotioo  of  pbosphorufl  la,  ii. 
396 
gnid  in,  ii.  136 
platinum  iB,li.  143 
methods  of  preparia|r«  11.  387 
puriicatioB  of,  Ii.  387 
aaalysis  of,  ii.  338 

mode  of  ascertaining  Its  puritT, 
li.593  "S       P-    -• 

acetic,  ii.  338 
chloric,  I.  417  |  Ii.  390 
fluoric,  ii.  331 
llnoboric,  ii.  331 
hydriodic,  li.3SI 
propcftici  of,  ii.  338 
force  of  its  vapour,  ii.  334 
compositioaof,  11.338 
muriatic,  11. 390 
nitric,  ii.  838 
phosphoric,  ii.  331 
pynMicetic,  ii.  345 
sulphuric,  ii.  387,  593 
JS<il/«^mineral,  Ii.  118 

perse,  ii.  118 
EueUoriMf  i.  817 

action  of  Iodine  oa,  i.  894 
EnOometer,  Berthollet*s,  1.  887 
Daltoo*s,  i.  308 
Gayton*s,  1.889 
Hope*s,  1. 889 
Pepys*,  1. 891 
8eguln*s,l.88T 
Volta*i,  1. 836 
with  nitrous  gas,  1. 908 
solution    of    nitrous 
gas  and  iroB,  i.  318 
Bf90p9r9ting  furnace,  i.  8, 3 
▼csseU,  1. 5 1  II. 
JSMjponfiM  occasioned  by  caloric,  1. 9 
defined,  I.  99 
spontaneous,  1. 181, 856 
JSjEpanilett,  i.  88,  89 

ofsolidtbybeal,il.684 

liquids  by  4o.  II.  688 

gases  by  do.  H.  681 

solids,  liqaldSyBBd  gun, 
1. 89 

air,' 1.90,  100 

metals,  U  91 
exceptions  to  tbn  general 

Uw,  1. 91 
not  strietly  p^opottloaate 

to  tenpemtare,  1.99 
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Ej^amion  of  fluids  in  M  the  aqoare  of 
their  tdBperatiirCy  U  99 
of  Dcrcary,  i.  100 
£jrlr«cf»  Tegctabie,  ii.  172 
S^,  homoBrs  of  the,  ii.  4S0 


F. 


Fmrima.    See  Siarek. 
Fat  of  animali,  \LM2 

oz^sepatedy  ii.  383 
Feaiken,  ii.  462 
Fecmta,  Tegetabie.    See  StarcJL 
Fernumittihm^  iriaoiM^  ii.  310 
Ferro-eiftnuUe  of  iron,  ii.  80 

potaita,  i.  &31 

iu  ase  ai  a 
t«it,ii.507 
copper,  Ii.  98 
Ftmhpruuk  (cyaoic)  acid,  ii.  447 
Ferrureied  cbyBZie  acid,  ii.  448 
Fibre^  woody,  li.  855 
Fibrin,  ii.  3^8 

of  the  biood,  ii.  400 
FiUen^  caations  ia  atlog,  ii.  492 
Ffnery  cioder,ii.  17 
Fire  produced  by  conpressiog  air,  i. 

137 
Fire-damp  of  eoal  mines,  i.  422 
Fireworks  without  smell  or  smolie,  i. 
233 
nitrate  of  soda  recommend- 
ed for,  i.  541 
FiMk^  scales  of,  ii.  460 
Fixed  oils,  ii.  226 
FUek  of  aaimalsy  ii.  458 
FUmt9,\.  615 

liquor  of,  i.  618 
Ftowere  of  sulphur,  i.  371 
FtmaU  of  ammonia,  i.  228 1  ii.  498 
Ftmdity^  caused  by  caloric,  i.  1 10 
Fbtideti  the  various  cavities  of  the 

body,  ii.  431 
Jflvo^orieacid,  I.  357 
Flmerie  acid,  mode  of  obtaining,  i.  279 
silicated,  i.  6l9 
hydro-fluoric,'  or  liquid, 

1.279 
nature  of,  i.  228 
compound  of  the  boracic 

with,  i.  357 
gas,  mode  of  obtaining, 
i.619 
decomposed  by  po* 
tassium,  i.  228 
ether,  ii.  331 
Fluoride  of  calcium,  i.  228 
Ftmorine^  i.  228 
JFTax,  blaclE,  ii.  46,  559 

white,  ii.  599 
JPlMr«s,i.476|U.£i59 


Force  of  vapour,  i.  257 

Formic  acid,  ii.  393 

FeeaOs  (inflammable),  analysis  of,  ii. 

549 
Freezing  points  of  liquids,  i.  1 10 
mixtures,  ii.  548 — 550 
apparatus,  i.  026 
iu  vacuo,  Leslia^s  method,  i. 
133 
JWforf^  mixtures,  tobies  of,  ii.  625 
J^oit-^Mrer,  i.  134 
FulminaUng  gold,  ii.  134 

mercury,  ii.  117 
platinum,  ii.  145 
powder,  1.  520 
silver,  ii.  126 
Fuming  liquor,  Royie**.    See  jimmo^ 

nioj  kydrosulpknrei  of, 
Libavius*s,  ii.  38 
Fnngin,  ii.  302 
Fnmace^  evaporating,  i.  3 
FurnaeeMy  chemical,  i.  2, 620^636 

Ailiin*s  portable  blast,  i.  4, 

6i9 
Knight's  portable,  i.  2,  3, 

631 
wind,  i.  2,3,  632 
reverberatory,  i.634 
ca|)clling,  or  enamelling,  i. 

3,  635 
portable,  i.  8,  629 
Black's  portable,  i.  4,  635 
Chenevix's  wind,  i.  635 
general  remarks  on,  i.  636 
Fniion,\.  110 

watery,  i.  32 
FutibU  metal,  ii.  87 
Fnsticy  ii.  263 


Galena^  ii.  110 
Gallate  of  iron,  ii.  28,  263 
OalUc  acid,  methods  of  obtaining,  ii. 
200 
analysis,  ii.  204 
characters  of,  ii.  203 
GatU,  tincture  of,  as  a  test,  ii.  495 

med  as  a  test  in  substonce,  ii. 

496 
yield  tnn,  ii.  265 
Oatf«<ofief,ii.  417 

a  valuable  pigment,  il.  417 
OafMiiic  arrangements,  construction  of, 
i.  164 
battery,  i.  167 
circle,  i.  165 
pile,  i.  167 

theory  of  the  action  of, 
i.  186 
apparMas,i,161' 
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copper,  ii.  90 
irofl,  ii.«0 

U$ir^  nOifkmni  mf  ummoU,  i.  iSS 

msatot, 
iti  ii.  513 

irjM^«-ff*'>A«rc<f,  i.  436 

blacken  f1as«,  ii.no 
Hfif^tmlfkmnltd  oxides,  i.  4M 
iljrfr»./AtMic  acid,  1.4:12 


Hk  mpcct  to    UyinxmmMc  acid,  ii. 
Bfirmxmdkmiu^  ii. 
Hydrmxmnt^  i.  SS6,  4S0 
i.    Hydn-^imdc  gas,    piatiavM  fascd  ky 
Ike  coakasiioa  of,  iL  IS 
Bfirmnt  of  potasioB,  i.  510 
tdlariaa,  ii.  103 
B^grmmtUr,  i.  81,  257 
B^rwmttrie  wmler,  I.  S55 
Bfper'mrfmmrimi€g,    See  GUprala 
Byp^-smipMUm,  i.  388 
Hjy  jor^Jho  ■«  mcid,  L  388 


loe,  qaaatily  of  calorie  absmbeJ  ii 
Ike  liqwCacUon  of,  i.  110 
tkBaiaj,     ilt     tCBpermiare    iiri- 
fomly  Ike  taaw,  i.  110 
■ol      iacrcosed    hj 
liqaefaciioo,  i.  Ill 
qaaatilj  of  caloric  a^ 
•orbed  dariag,!.  Ill 
liC^cr  Ikui  mmier,  1.  Ml 
^Hi,  cmbic,  of  water,  ii.  602 

Em^uk,  ctr- 


II. 


dettrodiUffii- 


priKiple  fro■^  ii. «; 
rxperiaacsls  oa,  •i.S;! 
iL  862,679 

foMiU,  aaaljais  of,  m.  56 
Hkf  it.  29 

i.  ihaibaoA 

29 
u.  aympMbctie,  ii,  81 

JmmtiUUMm  ialoroce  oa  aftaiCj,  i.6» 

s  brCaccaikMe 
«*,  1.40 

i.  435  Jii^fi,  i.  225 

of    i«fic  acy,  i.  2tt 

of  aitragea,  L  S27 
L48i 

diKOTcrjoi;  i.222 
ptoperties  cf;  i.  223 
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Olauher^s  tmU .    See  Sntpkate  df  S§dit. 
Gdadifie,  ii.SM 

Giudna,  attempt  to  decompose,  i.  599 
method  of  obf  aioing  it,  1.  599 
iff  properties,  i.  600 
OAicritfim,  i.  599 
Olue,  ii.  355 
Gtuien,  animal,  \\,  368 

Tegetable,  ii,  249 
Gold,  malleabilit^r  of,  i.  460 
ductility  of,  1.461 
physical  qualities  of,  ii.  ISO 
chemical  qaalities  of,  Ii.  ISO 
chlorides,  ii.  ISO 
oxides  of,  ii.  133 
falminatiog,  compound  of,  ii.  134 
revival  of,  ii.  135 
precipitates  of,  ii.  134 
solution  of,  in  ether,  ii.  136 
solvents  of,  ii.  135 
sulphuret  of,  ii.  136 
phosphuret  of,  ii.  137 
equivalent  of,  ii.  137 
purification  of,  ii.  138 
alloys  of.  ii.  138 
fineness  of,  ii.  138 
its  colour  destroyed  by  palla- 
dium or  platinum,  ii.  151 
imitations  of,  ii.  99 
its  ductility  destroyed  by  being; 
lieptin  fusion  near  melted  bis- 
muth, ii.  87 
Mialysis  of  ores  of,  ii.  551 
Golden  sulphur  of  antimony,  ii.  73 
Goulard't  extract,  use  of,  as  a  test,  Ii. 

S\2,  367,  362 
Goniometer,  i.  39 

Grains,  English  and  FrcQch,  compari- 
son of,  ii.  606 
Gravel,  urinary,  Ii.  447  * 

Gravitation^  i,  98 

Gravity^  specific,    effect  of  chemical 

union  on,  1.  48 
of  gases,  i.  19 
of  solids  and  fluids, 

table  of,  ii,  609 
of  so1ids,how  taken, 

ii.  586 
of  mixtures  of  aleo- 
hoi  and  water,  ii. 
317 
Green^  ScheeleV,  ii.  48 
Guaiacmm,  ii.  834,  837 
Gumy  ii.  175 

British,  ii.  846 
elastic,  ii.  853 
GiMS-rMiiu,  ii.  837 
OwiMnttal,  il.  09 

Qvnn^ffder,  sulphur  may  be  burned  out 
of,  without  inflamiiig  it, 
1.374 
coinpdilllon  6f>  U  680 


Qmpomder^  peeollar  kind  of,  i«  517^ 
preparation    of    charroal 
fur,  ii.  855 
Guniet't  sliding  mle,  i.  53,  note 
Gypsum,  i.  5G8 


H. 


ffamtatin,  ii.  305 
Hahnemann's  wine  (est,  ii.  575 
Hair,  method  of  staining  it  blac|[,  ii. 
184 
analysis  of,  ii.  461 
Harrogate  water,  i.  438 ;  ii.  658,  654 
Hartshorn,  spirit  of,  mode  of  ascer- 
taining its  purity,  ii.  588 
Heat.     See  Caloric^ 
animal,  ii.  407 

table  of  the  principal  effects  of, 
ii.  614 
Helix,  electro  magnetic,  i,  196 
Hepars,    See  Sulphurets. 
Hiccory,  wild  American,  ii.  863 
Hoar-frost,  theory  of,  i.  85 
Homberg^s  pyrophorus,  i.  609 

sedative  salt.    See  Borade 
yield. 
Honey,  ii.  183 

stone,  ii.  300 
Hoofs,  ii.  460 
Hordein,  ii.  848 
Horn,  ii.  457 
Horn-lead,  it.  105 
Horn-silver,  ii.  188 
House-leek,  malic  acid  obtained  from 

ii.  805 
Humours  of  the  eye,  ii.  430 
Hydrate,  what,  I.  858 

of  alumina,  i.  603 
chlorine,  ii.  661 
cobalt,  ii.  79 
copper,  ii.  90 
iron,  ii.  80 
lead,  ii.  104 
lime,  i.  553 
magnesia,  i.  591 
nickel,  ii.  158 
potassa,  i.  506 
soda,  i.  813 
tin,  ii.  37 
Hydriodates,  i.  877 
Hydriodieae'id,  1.877 
Hydro-carburet^  i.  41 1 
Hydro'Chlore,  i.  864 
Hydro-eyanie  acid,  i.  441 
Hytfro-^luoWc  acid,  i.  879 
Hydrogen^  an  acidifying  prilMlple,  I. 
881 
dentoxide  or  pero4de  of, 

i,  868 
cmnpoandi  with  earbpHi  !• 
411 
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JJ^ogen^  eonpoiafifi  of  metalt  wilb^    fffdro^xid§  of  cobalt,  ii»  19 

i.4as  copper,  ii.  90 

U^gen  gaa,  i.  890  iroo,  ii.  90 
meiluid  of  prociiriof ,  i.    ffjfdro^k^iphtMric  i;:ai,  i.  225 

231  HydroUmlpkurti  of  ammooia,  i.  ASS 

its  properties,  i.  298  as  a  test, 

how   to  determine   its  ii.  513 

parity,  i.  236  H^ro-mfphurUt^  i.  436 

burned    under    a  tabe  blacken  glass,  ii.  II  o 

produces   a  musical  Ilydro-^uipkurded  oiides,  i.  484 

sound,  i.  238  .  Jljfdro-tktonic  acid,  i.  432 

caution  with  respect  to  Ilydroxmihie  acid,  ii. 

firing,  i.  238,  note  Ilydroxanikaie*^  ii. 
explodes  by  coaiprcs-    Hydroxure$^  i.  258, 4B0 

•ion  with  oxygen,  i.  ilydnhtindc  gas,   platinum  fused  by 

239  the  combustion  of,  ii.  13 

weight  of,  i.  241  Hydrurct  of  potassium,  i.  510 

with     oxygen,     forms  tellurium,  ii.  102 

\talcr,  i.  244  Hy^romefer,  i.  81,  257 

quantity   of,  abfiorbed  Hygremetrie  water,  I.  255 

by  water,  I.  253  Hyper- ox^mmriates,^    See  Chltctn 

an    acidifying   princi-  HypO'SuipkUet,  i.  388 

pie,  i.  230  Ilypo-^lphwromt  acid,  i.  388 
qunnfity  of  beat  given 

out   by   its   conibus-  I. 

tion,  i.  249  /c«,  quantity  of  caloric  absmbed  in 

combination    of    chlo^  the  liquefaction  of,  i.  110 

rine  with,  i.  264  thawing,    its    temperature    uni. 

forms  an  acid  gas  with  furmly  the  same,  i.  110 

iodine,  !•  277  not      increased     bj 

solution  of  zinc  in,  ii.  liquefaction,  i.  Ill 

13  quantity  of  caloric  ab« 

arseuureted,  ii.  52  sorbH  during,  i.  Ill 

carbureted,  i.  411  lighter  than  water,  i.26l 

bi-carboreted,  i.  414  Jnch^  cubic,  of  water,  ii.  602 

per-carbureted,  i.  414  French  and  Eaglish,  cor- 

phosphureted,  i.  426  reftpondence    between, 

bUphosphureled,  i.  426  ii.  607 

potasftureted,  i.  501  Indigo^  ii.  258 

sulphuretrd,  i.  429  bitter  principle  from,  ii.  277 

wiper sulphureted,      i.  new  experiments  on,  ii.  67 1 

435  Jndigogene,  ii.  262,  672 

telluretcd,  ii.  102  JnJIammabk  fossils,  analysis  of,  ii.  549 

Bttlpburrted, compounds  Ink,  ii*  29 

of,    with  oxides,    i.  that  is  not  easily  destractible,  ii. 

484, 489  29 

with  metals,  ii.  sympathetic,  ii.  81 

487  JntolubUity^  influence  on  affinity,  i.  57 

liquid.  See  Intermediate  properties  between  those 

Sulphuret  of  the  components,  i,  40 

of  carbon  InuUn,  ii.  S02, 

Hydrogureted svdphuTf  l,  4SB  lodaiet,  \.925 

sulphurettf,    methods    of  Jodie  acid,  i.  225 

forming,  i.  436  Iodide  of  nitrogen,  i.  327 

properties  of,  i.  436  Iodides^  i.  483 

of  metals,  ii.  488  Iodine,  discovery  of,  i.  222 

HydrotowU  acid,  i.  278  properties  of,  i.  223 

Hydrometer^  Baam6*s,  degrees  of,  re-  action  of  varioas  gases  oa,  i. 

duced  to  the  common  standard,  ii.  224 

612  forms  an  acid  gas  wltk  hydro- 

Hydro-nUric  acid,  i.  322  gen,  ii.  277 

Hydr^oxidot,  i.  480  action  on  ammoqU,  !•  404 
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Udine,  swlpburet  of,  ii.  391 
fihospbiiret  of,  i.  370 
forms  an  acid  Hilh  oxvcen,  i. 

combines  with  nitrogen,  ii.  3i6 

metals,  ii.  483 
forms  an  ncid   wilb  clilorine, 
i.226 
action  of  eochlorioe  oo,  i.  S24 
nature  of,  i.  296 
source  of,  i.  29^ 
slarcb  a  delicate  test  of,  ii.  847 
Judures,  or  lodureti,  I.  483 

of  starch,  ii.  847 
ipfcacuanha^  emetic  principle  of,  ii. 

306 
Jfiitium^  ii.  151 

oxides  of,  ii.  158 
analysis  of  ores  of,  ii.  558 
/rM,  properties  of,  ii.  IG 
oxides  of,  ii.  16 
hydrates  of,  IV,  80 
chlorides,  ii.  81 
salts  of,  ii.  88 
sulphate  of,  ii.  83 

itsuseasatest,ii.508 
mode  of  asceriainintr 
itfi  purity,  ii.  586 
per-bisulphale  of,  ii.  83 
sub.sulplmte  of,  ii.  83 
sniplilte  of,  ii.  81 
nitrate  of,  ii.  84 
muriate  of,  ii.  84 
oxalate  of,  ii.  198 
ferro-cyanate  of,  ii.  85 
tanno-gallate  of,  ii.  8^ 
phosphate  of,  ii.  85 
oxy-pho!>phn(e  of,  ii.  85 
fcurcinale  of,  ii.  30 
acetate  of,  il.  30 
rnrbonatc  of,  ii.  85 
sulphuret  of,  ii.  30 
supersulphurrt  of,  ii.  31 
combination  of  carbon  with,  ii.3S 
c:i!>t,  or  crude,  ii.  38 
mnllenhle,  or  bar,  ii.  33 
wliy   Hood-charcoal    preferable 
in  the  mnnufacturing  of,  Ii.  33 
tinning  of,  il.  48 
welding  of,  ii.  140  (note  p 
how  to  detect  nickel  in,  ii.  160 
ICHllate  of,  ii.  804 
Its  uie  as  a  test,  11.  509 
leparation  from  uianaanese,  Ii, 

nickel,  Ii.  5t8 

trtli  of,  ii.  514 

aoalyiit  of  aret  of,  li«  553 
Jrom^9uUt,  ii.  89 
Ittngtmss,  II.  354 
JUrU,     See  Yttria, 

VOL.  II*  2 


loorjf,  method  of  covering  with  silver, 
ii.  183 

J. 

Jellg,  animal.    See  Oelmtine, 

vegetable,  ii.  179 
JoinUy  fluid  in  the  cavities  of  the,  ii. 
438 

K. 

Kermet  mineral,  ii.  73 
A'/m'cacId,  ii.  884 
Koumiss^  ii.484 


LabormUry^  i.  1 
Aacc/cacid,  11.888 
/wKticacid,  ii.  391,484 
LaktMy  how  obuined,  ii.  863 
Jjomp  for  chemical  purposes,  i.  5 

safety,  i.  488 
Lampblack,  IL  455 
Lard,  ii.  388,  384 
Latemt  heat.    See  Cmloric. 
Lateriliout  sediment,  ii.  390 
Lead,  molybdate  of,  ii.  57 

method  of  purifying,  ii.  108 
properties  of,  Ii.  108 
oxides  of,  Ik  108 
chloride  of,  ii.  105 
puriflcation  of  gold  and  silver 

by,  ii.  189 
mode  of  procuring  oxygen  from 

oxides  of,  i.  805 
danger  of  keeping  water  In,  ii. 

105 
sulphnte  of,  ii.  106 
nitrate  of,  ii.  107 

use  in  analysis,  ii. 

547 
its  UhC  OS  a  test,  il. 
504 
nitrite  of,  Ii.  108 
sub-n'tirite  of,  il.  108 
chloride  of,  ii.  105 
iodide,  11.  106 
chromate,  ii.  60 
carbonate  of,  ii*  108 

mode  of  ascer* 
tainlag  lu  pii« 
rlly,  il.  591 
acetate  of,  ii.  108 

Its  use  Bi  a  test»  U* 

504 
mode  of  ascertaioing 
lu  parity,  U.  501 

ittbactlate  of,  li«  lOtt 

its  ase  as  a  test| 
II.  857,  S60| 

Y 


M 


lifbtiL 


Lmit  (CiU  off  il.  hii 

phfMphate  nf,  U.  100 
salphurelof,  ii.  110 
hydro-BoIphoret  of,  ii.  110 
pkvanMitt  ii.  115 
•accbarate  of,  ii.  184 
amylate,  ii.  «48 
UDoate,  ii.270 
analjrtis  of  ores  of,  ii.  554 
method  of  detecting:,  ii.  573 

io  wine,  ii. 
575 
soloble  in  water,  ii.  105 
Ltaf-gold,  i.  460 

a  test  of  nitre,  ii.  501 
Lteammglon  water,  ii.  652,  653 
Lemons f  acid  of.     Sec   Citric  Add, 
Ldbaviutf  fuming  liquor  of,  ii.  38 
Life,  supported  by  oxygen  gas,  i.  212 
Ligaments^  ii.  460 

Lighi^  opticnl  and  chemical  effects  of, 
i.  153,  265 
what  gases  evolve  it  by  com- 
pression, i.  207 
reflection  of,  by  metals,  i.  459 
Lignin,  ii.  255 

starchy,  ii.  246 
X^me,  analysis  of,  i.  553 

properties  of,  i.  553 
hydrate  of,  i.  553 
millL  or  cream  of,  i.  554 
carbonate  of,  I.  562 

tesu  of,  ii.  514 
does  Dot  attract  carbonic  acid 

gas  when  dry,  i.  562 
sQiphate  of,  i.  569 

tests  of,  ii.  514 
sulphite  of,  i.  569 
sniphuret  of,-i.  567 
hydrotolphoret  of,  i.  568 
chloride,  i.  558 
rabchloride,  i.  559 
assay  of,  i.  560 
fluate  of,  i.  565 
ferro-cyaoate,  i.  57 1 
hydrosalpburet  of,  teste  of,   i. 

568 
hyposulphite,  i.  568 
hydrognreted  sniphuret  of,  i. 

568 
nitrate  of,  i.  561 
msriate  af,  i.  557 

cold  produced  by, 

i.  112 
as  a  test,  ii.  512 
oxymvriate  (chloride)  of,  i.  558 
ehlorate  or    hyper-ozymuriate 

of,  i.  561 
phosphate  of,  i.  566 
plNMphuret  of,  i.  565 
tnngttate  of,  ii.  62 
oxalate  of,  ii.  191 


LlM^  dtnUi  o^,  il.  100 
acetate  of,  II.  349 
pruisiatj*  of,  as  a  test,  il.  50t 
tests  of,  Ii.  514 
mode  of  determining  the  parity 

of,  ii.  595 
atwtt  i.  562 
toater,  i.  555 
»  use  of,  as  a  test,  ii.  500 

UfuefacHim^'i,  112 
Lifuidi,  expansion  of,  by  beat,  i.  S9 
manner  io  which  they  conduct 

heal,  i.  106 
give    out    heat    on    becomiog 

solid,  i.  110 
absorb  gases,  i.  14^ 
freezing  points  of,  ii.  614 
boiling  poiuts  of,  Ii.  615 
table  of  the  expamiiou  of,  by 

beat,  ii.  622 
tube  for  dropping,  i.  11 
Liquor  of  surfaces,  ii.  431 

Potass4g,  mode  of  determiniog 
its  purity,  ii.  580 
Lithia^  or  Lithinm^  discovery  of,  i.  548 

its  properties,  i. 
550 
distingnished   froa 
othn-  flJkalis,  i. 
553 
carbonate  of,  i.  551 
nitrate  of,  i.  551 
sulphate  of,  i.  551 
Lithic  acid,  ii.  385 
Lithium,  i.  548 

chloride  of,  i.  551 
Litmus,  infusion  of,  ii.  492 

its  nseasaletf,  ii' 

493 
reddened  by  rise- 
gar,  as  a  test,  ii. 
493 
Liver  of  antimony,  ii.  79 

sulphur,  i.  511 
Z^a/ sugar,  preparatioo  of,  ii.  180 
Logometrie  scale,  i.  53  {  ii.  633 
Logwood,  ii.  305 
Luna  cornea,  ii.  121 
Lunar  caustic,  ii.  123 
LupuHn^  ii.  308 
Lutes^  i.  9 
Lymph,  ii.  432 

M. 

Mtadder,  ii.  263 

lake  froB^  ii.  263 
Magistery  of  bismath,  ii«  86 
Magnesia,  analysis  of,  i.  fiOO 

properties  of»  I.  591 

hydrate  of,  L  591 

base  of,  U  fiW 


IMMMm 
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MtgnuU,  ciibooite  of,  1.  Mi 

mfkdt  of  Ai* 
certainltig 
its   purity. 

chloride,  i.  508 
carbooaie  of,  and  ootftiM. 
I.  595 

aiamooio-plkitplMCe,  i.  595 
sulphate  of,  aod  loda,  i.  598 

pptassa,    i. 

sulphate  of,  i.  597 

mode  of  ascer- 
(aiaing  its  pu- 
rity, ii.  584 
sulphite  of,  i.  596 
nitrate  of,  i.  59S 
■uriate  of,  i.  592 
triple  niariate,  i.  592 
oxalate  of,  ii.  192 
ciumteof,  ii.  199 
acetate  of,  ii.  349 
tests  of  salts  of,  ii.  514 
mode  of  ascertain iof  its  pu- 
rity, ii.  59S 
Magtutium,  i.  590 

malates,  ii.20d 
Magnetum,  electro,  i.  193 
Jfa£ic  acid,  methods  of  obtaiqioK,  ii.  805 
properties  of,  ii.  207 
the  same  with  the  sorbic 
acid,  ii.  206 
MalleaUUtjff  i.  460 
MttUAm,  ii.  295 
MmlHmg,  coaverts  starch  ioto  sugar,  ii. 

242 
Manganese,  method  of  ohtainiog,  ii.  1 
properties  of,  ii.  2 
oxides  of,  ii.  3 
actioo  of  ocids  od,  ii.  6 
chloride  of,  ii.  6,  8 
salts  of,  ii.  6 

gives  a  violet  tinge  to  bo- 
rate of  soda,  Ii.  9 
citmpouod    of    its    oxide 
with  potassa  gives  dif- 
ferent     colours      with 
water,  ii.  9 
sulphuret  of.  ii.  11 
sulphureted  oxide  of>  ii.  1 1 
analysis  of  ores  of,  ii.  556 
oxalate  of,  ii.  192 
Manganetiate*,  ii.  10 
Manna,  ii.  182 
Mar^U,  i.  663 
ITar^arf/ic  acid,  11.384 
Marif»  analysis  of,  ii.  598 
ifasr,  meaning  of,  as  used  by  Berthol- 
let,  i.  55 
its  influence  on  chemical  affi- 
nltj,  I.  56 

2y 


Mditicot  it.  m 

Maickee  for  proeiirlflK  Itufftotafttfotia 

light,  I*  516,  note 
MatUck  wateri  ii.  653 
Maifastf  i*  II 
Meaturei,  English,  ii.  ^i 
German,  ii.  60S 
Dutch,  ii.  602 
English,  reduced  Co  Frencbi 

ii.603 
Swedish,  ii.  602 
old  FVeoch,  ii.  603 
modern  French,  H.  608 
Meekmdcdl  division,  influence  of,  on 
afiinity  or  solution,  i.  30 
prenare.    flee  Pratwre 
MeduUin,  ii.  308 
MeloMies,  ii.  180 
MeUWte^  ii.  300 
MeUUU  acid,  ii.  300 
Melting  points  of  solids,  ii.  614 
Membranee,  ii.  460 
MetmckanUe^  ii.  82 
Murcurial  trough,  L  19 

NewoMui's,  i.  638 
Mercury  J  congelation  of,  I.  125 
apparatus  for,  i.  626 
combination  of,  with  potas- 
sium, i.  512 
combination  of,  with  sodinm, 

1.540 
its  specific  gravity  increased 

by  congelation,  ii.  1 1 1 
volatilization  of,  ii.  Ill 
oxides.  of|  ii.  Ul 

methods  of  ascer- 
taining their  pa- 
rity, ii.  589 
chlorides,  ii.  113 
sulphate  and  persulphate  of, 

ii.  115 
nitrate  of,  Ii.  117 

its  use  as  a  test, 
ii.  505 
subnitrate  of,  ii.  94, 117 
nitroxideof,  Ii.  117 
pcr-oitrate  of,  ii.  117 
cyanide  of,  ii.  116 
fulminating,  ii.  117 
muriate  of,  Ii.  Ii3 

method  of  ascer- 
taining its  pu- 
rity, ii.  587 
submnriale  of,  |i.  1 13 

method  of  at* 
certainiug 
its  purity, 
ii.588 
action  of  chlorine  on,  ii.  113 
alloys  of,  ii.  119 
talphnreUof,  ii.  118 
«te  ofy  as  a  test,  Ii.  501 

2 


69  j  iKbfc:x* 

Mercurj^,  anal} bU  of  dm  of,  ii.  554  jlfi/A*,  dt^t^ritiitioti  and  prupcrfin  of. 

method   of  aj^crialoing    its  ii.  419 

puiity»  ii.  58S  %iiiuna  i'ermenlatit>a  uf,  ii.  4^1 

apparatus  for  frorzing,  i.  1 14  sogar  of,  ii.  87S 

Mtitthi    their  rompurativc  powrr  of  aritl  <ir,  ii.  494 

conducting  heat,  i.  106  diOVrfnt  liiudjtof,  ii.  I<25 

fuied  and  ignited  by  riectri-  Minderfrus*  fpirii,  i*.  349 

city  and  galtanisim,  i.  174  Minerals,   general    directions  for  the 

enumeration  of,  I.  451  cxamioatitin  of,  ii.  b*iS 

general  properties  of,  i.  457  Mineral  tar,  ii.  S94  ^ 

comparative  expansibility  by  pitch,  ii.  2t)5 

hrat,  i.  90  waicrii,  analysis  of,  ii.  487 

table  shourlog  the  colours  of  examination     of,     by 

precipltatH    by   pnmiate  re^agenis,  ii.  489 

of  potasM,  i.  533  substances    th.-iC    nay 

specific  gravities  i.  458  be  expcrird  in,  and 

order  in  which  iliey  reflect  inean.4  of  defecting 

light  and  heat,  i.  459  them,  ii.  513 

comparative  tenacity   of,    i.  analy»is  of,    by  eva> 

461  ponttion,  ii.  515 

chemical  properties  of,  i.  46^  |>r.  Mtirra\*»  fornab 

oxidatiim  of,  i.  464  for  ilie  ai;iily!>i$  of, 

method    of   calrulHiing    tiic  ii.  519 

oxygen  acquired  by,  i.  467  table  of  the  composition  of,  ii. 

proportion  of  oxygen  neresi-  651 

Miry  for  the  solution  of,  i.  >enoH,  ii.  105 

468  Jf/NiM/M,  ii.  \{¥i 

diifrreol  stages  of  oxi(!at:on  Moffat  viatrr,  ii.  659 

of,  i.  469  MolcHff,  inte*«iant,  1.36 

action  of  alkaline  snlutinns  MotifMate  of  pota>»a,  ii.  5  > 

on,  i.  475  Molybtftnumf  ore  of,  ii.  55 

reduction  of,  I.  476  mnde  of  obtaining,  ii.  55 

table  of  the  proporli(;ns  of  properties!  of,  ii.  55 

oxygen    with   Hhich    they  ux'tdrs  of,  ii.  56 

combine,  1.479  analysis  of  orc»  of,  iiit57 

compounds  of  hydrogen  h  ith,  Mol^kdic  arid,  mode  of  obtaiaing,  ii. 55 

«•  483  properties  of,  ii.  55 

sulphur  Mifb,  i.  Molyhdotu  acid,  ii.  55 

484  Mortfttunt,  what,  ii.  958 

tulphureted  hy-  Morox  if  lie  uc'n\,  ii.  999 

droren  with.  Morphia  or  Morphine,  ii.  9i9 

^l^'  7^^  how    procured, 

chlorine    with,  ii,  079 

,    '•.^®'    ...     ,  ««»      propertiw, 

iodine  with,  I.  ij.  ggo 

483  Mother  of  pearl,  ii.  457 

phosphorus  Mtf/ors  of  electrieitv,  i.  187 

with,  1.489  Muaiage,  ii.  175     ' 

carbon  with,  ii.  ifuro-rj/rac<tre matter,  ii.  361 

490  ifMcoiMacid,  ii.  391 

alloys  of,  I,  490  Jfifcffs,  Ii.  365 

their  qualities  altered  in  aU  ie»ls  of,  ii.  366 

loys,  i.  491  of  ih«  nose,  ii.  498 

dasiiflcatioB  of,  i..49l  Mufilet,  i.  5 

malleable,  I.  460  ifii^friy  calculi,  II.  450 

ose  of,  as  tests,  Ii.  501  MuUiplet,  law  of  combiMilon  i.  da. 

tenacity  of  several,  I.  461  pie,  |.  44 

analysis  of  ores  of,  II.  551  Illustrated,  I.  474 

«  in.*'  P»wlpitatet  from,  MuHatg  of  ammonia,  I.  405 

.# .    ^       11. 644  b;iryta,  I.  575 

MeiiMe  itouct,  all  contain  Iron  aN  biiimuih,  Ii.  85 

loyed  with  nickel,  II.  160  copper,  Ii.  80 
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Murisie  of  iron,  it.  21 
lead,  ii.  105 
Ume,  i.558 
magnnia*  i.  592 
inrrcury,  ii.  1 13 
poiAsM,  i.508 
frilver,  ii.  121 
•ods,  i.  537 
scroatia,  i.  485 
tin,  ii.  40 
zinc,  ii.  14 
MurUiUs^  tests  of,  ii.  434 

iiypcroxy^nized.  See  CAb- 
raies* 
Murimiic  acid,  tyatliesis  of,  i.  264 

process  for  preparioi^, 

i.  267 
ito  properties,  i.  268 
table  of  strength  of,  i. 

873 
tests  of,  ii.  514 
mode  of  ascertaioing  the 

purity  of,  ii.  577 
tfjcygeoized.     See   Chlo- 
rine 
gas,  mode  of  oblaioing, 
i.265 
properiiesof,  i.  268 
its   attraction    for 

water,  i.  269 
action  of  potassioai 

on,  i.  508 
bccones  liquid  tin- 
der pressure,  ii. 
662 
etb«  r,  ii.  339 

table  of  the  quantity  of 
real  or  dry  mariatic 
ncid  in  100  parts  of 
the  iiqaid  acid  at 
succestWe  speciic 
gravities,  ii.  643 
Muaek,  basis  of,  ii.  458 

converted  into  fat,  ii.  381 
component  parts  of,  ii.  458 
Muacovado  sugar,  ii.  180 
MuMkroomi,    peculiar    substance    ex- 
tracted from,  ii.  902 
Mntkttl  sounds,  from  burning  hydrogen 

gas  under  a  tube,  i.  238 
Mjfriea  cerifera^    berries  of,    contain 

wax,  ii.  275 
Myricin^  il.  275 
Mi/rtk'Kas^  ii.  275 


N. 

iTaflf.  of  animals,  ii.  460 
N^kiU,  ii.  292 
NapkiUUM,  Ii.  298 
NmrtoiU  prhieiple,  il,  2T0 
iVeairal  nits,  U  472 


NeutraUzalion,  i.  40,  72 
Nickel,  method  of  purifying,  ii.  154 
properties  of,  il.  }Sd 
cbluride  of,  ii.  157 
ferro-C3anale,  ii.  158 
sulphurets,  ii.  159 
hotv  to  detect  small  quantitict 

of,  ii.  160 
new  experiments  on,  ii.  670 
alloyed  with  Iron  in  all  me- 
teoric stones,  ii.  160 
analysis  of  ores  of,  ii.  555 
iVic«<t7,  ii.  305 
Niiraiu,  te^U  ot,  il.  501 
NiiraU  of  ammonia,  i.  407 
baryta,  i.  577 
bismuth,  ii.  86 
cobalt,  ii.  80 
copper,  i.  75 1  ii.  92 
iron,  ii.  24 
lead,  ii.  107 
lime,  i.  561 
magnesia,  i.  593 
mercury,  ii.  1 17 
potassa,  i.  518 
silver,  ii.  123,590 
soda,  i.  514 
ttrontia,  i.  587 
till,  ii.  39 
sine,  ii.  14 
Niire,     See  PoUum,  nitrate  of 
Miric  acid,  i.  316 

compokition  of,  i.  317 
properties  of,  i.  321 
real  ncid  in,  i.  321 
table  of  strength  of,  ii. 

642 
process  fur  preparing,  i. 

318 
purification  of,  i.  320 
in  its  pure  stale  elastic,  I. 

317 
use  ofasatesi,  11.497 
test  of,  ii.  501 
mo'Je  of  ascertaining  the 

purity  of,  ii.  576 
table  of  the  proportion  of 
real  or  dry  nitric  acid 
in  100  parts  of  the  li- 
quid acid  at  successive 
specific    gravities,     ii. 
642 
eilier,  ii.  3S8 
oxide,  i.  306 
Niirieum^  supposed  b.iae  of  nitrogru, 

1.283 
yUriies,  i.  315 
Piiiragen  gas,  i.  280 

bow  procured,  1. 281 
its  properties,  i.  282 
weight  of,  i.  282 
qnaatity  of,^btorbed  by 
water,  i.  253 
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NUrcgeH  gM,  eompoun^t  of    oiygeD 

with,  I.  «98 
combines  with  chlorioe , 

\,S25 
with  iodioe,  11.  926 
gaveoQs   oxide  of.     See  At- 
trout  Oxide, 
Sitro-mmriatic  acid,  I.  394 
JHtro'tutphuric  acid,  ii.  197 
Mrd^mwriaieMy  no  componnds  properly 

so  called,  i.  S25 
iVi«r«iM  acid,  i.  814 

composition  of,  1.  HOO 
use  of  as  a  (est,  ii.  497 
mode  of  ascertaining  the 

purity  of,  ii.  &76 
vaponr,  i.  314 
gas,    action    on    snlphurons 
acid,  i.  386 
composition  of,    i.  306 
quantity  of  absorbed  by 

water,  i.  306 
properties  of,  i.  307 
applied  to    eudiometry, 

1.308 
decomposition  of,  i.  31 1 
synthesis  of,  i.  311 
oxide,  i.  300 

quantity  of  absorbed  by 

water,  i.  S53 
mode    of   obtaining,    i. 

300 
properties  of,  i.  309 
effects  of    respiring   it, 
1.306 
KfUroxid^'  of  mercury,  ii.  117 
NUrum-Jlammant,  i.  407 

of  salts,  i.  474 
No$e,  mucus  of  the,  ii.  498 
Nudau  of  crystals,  i.  36 


O. 


Oilj  Dippel*8  animal,  ii.  455 

of  yitrioi.     See  Sulphuric  Add, 
of  wine,  ii.  398 
gas,  f.  419 

olive,  method  of  ascertaining  its 
purity,  ii,  594 
OiU^  animal,  ii.  379 

fixed,  how  obtained,  ii.  996 
properties  of,  ii.  996 
with    alkalis    form    soap, 

11.997 
dissoUe  sulphur,  ii.  997 
rendered   drying    by    me- 
tallic oxides,  ii.  998 
distillation  of,  ii.  998 
combustion  of,  ii.  998 
action  of  acids  on,  il*  999 
•poolancotti      combustion 

of,  II.  no 


Oils,  volatile,  or  e^ientlat,  II.  930 

mode   of    detecting    their 
adulteration,  ii.  593 
OUfiaiU  gas,  quantity  of,  absorbed  by 
water,  I.  253 
method  of  procuring,   i. 

414 
properties  of,  i.  416 
action  of  chlorine  on,  i. 
350 
Ofetc  acid,  ii.  384 
OUciU,  ii.  307 
Oidon^  jnice  of,  contains  much  sogar, 

ii.  183 
Opium,  constituent  parti»  of,  ii.  97U 
Oret,  analysis  of^  ii.  551 

in  the  dry  way,  ii. 
558 
Or^oa/c  and  inorganic  compounds,  dis- 
tinction between,  Ii.  161 
Orpimenif  ii.  53 
0«masom«,  ii.  465 
Oimiumf  ii.  188 

oxide  of,  ii.  153 
analysis  of  ores  of,  ii.  558 
Oxalate  of  ammonia,  ii.  190 
baryta,  Ii.  191 
lime,  ii.  191 
magnesia,  ii.  199 
potassa,  ii.  189 
soda,  11.  190 
strontia,  ii.  191 
Oxalatet,  Ii.  189 

use  of,  as  tests,  ii.  497 
Oxalic  acid,  mode  of  obtaining,  ii.  186 
properties  of,  ii.  187 
composition  of,  ii.  188 
found    native   in  vegeta- 
bles, ii.  991 
use  of,  as  a  test,  ii.  497 
a    poison,     when    cakeo 
Internally,  ii.  187 
Oxidation,  i.  910,  464 

diiferent  stages  of,  i.  464 
Oxide,  cystic,  ii.  451 

xanthic,  il,  459 
Oxides,  how  produced,  i.  409 

quantity  of  acid  required  f«r 
their  saturation  in  propor- 
tion to  their  oxygen,  i.  471 
their  solubility   proporticHuite 

to  Iheir  oxygen,  i.  471 
decomposition  of,  i.  476 
all  yield  their  oxygen  to  pol- 

assijira,  i.  513 
nomenclature  of,  ii.  476 
table  of  the  composition  of,  ii. 

478 
sulphureted,  1.  494,  487 
hydrosulphureted,  i.  484,  489 
hydmguretedi  ivlplhircft  of,  1. 

hydimtad,  1. 4iMI 
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Oxidizfment^  u  464 
OxiduU,  ii.  476 

Oxygen,  not    fhe    sole    principle    of 
acidity,  i.  Sll 
compounds     of   combustible 

bases  with,  i.  21  i 
law  respeclinji;  ibe  union  of 
bodies  combined   with,    i. 
470 
proportion  necrssary  for  (he 
solution  of  different  metals, 
i,468 
gas,  i.  203 

procured    from    various 

substances,  i.  205 
its  properties,  i.206 
weight  of,  i.  206 
diminished    in    combus- 
tion, i.  208 
absorbed       by       bodies 

burned,!.  208 
its    union    produces   an 
oxide,  an  acid,  or  an 
alkali,  i.  211 
supports  animal  life,   i. 

212 
apparently  absorbed  by 

the  blood,  i.  212 
with     hydrogen     forms 

water,  i.  244 
quantify  of,  absorbed  by 

water,  I.  253 
combination  of  nitrogen 

with,  i.  206 
compounds    of   chlorine 
with,  i.  217 
Osyiodet,  i.  225 
OxyiWIc  acid,  i.  225 
Oxyiodine,  ii.  225 
OxymuriaUc  acid.     See  Chlorine. 
Oxymuriates,     See  CkUnides, 
OxjU'pkoBphaie  of  iron,  ii.  125 
Ory-gulphate  of  iron,  ii.  23 


P. 


Paint f  fresh,  injarious effects  of,  ii.  231 

Fmniingi,    method     of    copying     on 

glass,  and  transferring  to 

leather  or  paper,  ii.  125 

Palladium,  ii,  148 

oxides  of,  ii.  149 
sulphuret  of,  ii.  149 
test  of,  ii.  150 
alloys  of,  ii.  151 
aiialysis  of  ores  of,  ii.  558 
Panereaitc  juice,  ii.  412 
Paper^  preparation  of«  for  tests,  ii.493 
dark  blue,  rikind  iUgMwIiMves, 
a  test,  ii.  404 
Papin*$  digenter,  i.  122 
p€9fU,  IK  461 
PuirUukp  I.  M9 


Pearlash,  method   of  atcertainiilg  the 

real  quantity  of  alkali  in,  i.  523 
PearUwhiie,  ii.  86 
Peat,  ii.  300 
Pechblende,  ii.  74 
Pepptr,  ii.  309 
Pepyt*t  blow-pipe,  i.  13 
Pet'Chloric  ac id ,  i.  22 1 
Per-chhrides,  i.  481 
Per-nilrous  acid,  i.  313 
Per  phosphorous  acid,  i.  364 
Pericardium^  liquor  of  the,  ii.  481 
Peroxides,  ii«  477 
Perspiration,  fluid  of,  it.  434 
Petroleum,  ii.  294 
P enter,  ii.  42 
PhlogUton,  i.  462 
Phosgene  gas,  ii.  440 
Phosphate  of  iron,  ii.  25 
soda,  i.  545 
lead,  it.  109 
ammonia,  1.  410 
baryta,  I.  580 
lime,  i.  566 
siWer,  Ii.  128 
PhotphatU  acid,  i.  361 
Phosphori,  solar,  i.  160 
Phosphoric  acid,  i.  360 

method  of  preparing, 

i.  862, 365 
glacial,  i.  367 
properties  of,  L  362 
exists  in  TegetAfiteSf 

ii.«23 
test  of,  ii.  507 
ether,  ii.  331 
Phosphorous  acid,  I.  302 

properties  of,  1. 862 
Phosphorus,  its  character,  1. 358 

compounds  of  |ihotplNtrui 

with  oxygen,  i.  368 
with  iodine,  i.  370 
mode   of   obtalMli^,     ii. 

368 
Baldwin's,  1. 160 
Canton's,  !.  160- 
llomberg's,  I.  160 
liquid^  if.  232 
solution  of,  in  ether,  ii. 

336 
Its  combination  with  chlo- 
rine, i.  36^ 
with  nitro^n,  i.  449 
coroblnn     with     metals, 

i.489 
Bolfl^ou    or    solar,    i. 

Phosphuret,  of  carbon,  i.  360 
copper,  ii.  99 
gold,  ii.  137 
Iodine,  i.  370 
lime.  I.  865 
platlnnnii  lli  144 
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Pkoifhwrtif  potassium,  i.  511 

sodiam,  L  540 

sflteniaaiy  i.  451 

sulphur,  i.  450 

iin<f,  ii.  16 
PkoiphwreU,  mcCallic,  i.  489 
PkotpkwTBied  bydrosen  g^t  prcpva- 

tioB  of,  i.  4«5 
Photometer^  i.  161 
pjeromel,  ii.  413 
PkrotoxiM,  ii.  984 
Pimkhoek,  ii.  99 
Piperine^  ii.  909 
PflcA,  niiMnly  ii.  895 
PAlco«a,ii.895 
Pleuter  of  Paris,  i.  569 
PtaHen^  ii.  «8 

J>la/ifi««ii,  ii.  139 

properties  of,  ii.  139  * 

oxides  of,  ii.  140 
test  of,  ii.  143 
cliloride,  ii.  148 
sulphuret,  ii.  143 
sulphate,  ii.  144 
nuriate  asa  test,  ii.  512 
ethereal,  solutioo  of,  il.  81 
pliospburet  of,  iL  144 
alloys  of,  ii.  145 
fnlmiaating,  ii.  145 
a  slow  conductor  of  caloric, 

Ii.  140 
analysis  of  ores  of,  ii.  551 

Plmmkago,  ii.  34 

method  of  ascertaioiug  its 

puritv,  ii.  550 
compositioo  of,  ii.  38 
Phmber'^t  solder,  ii.  48 
Pmmmmio-ekemical  trough,  i.  15 
Poifonf,  method  of  detecting,  ii.  561 
PoUrinUion  of  light,  i.  155 

calorific  rays,  i.  158 
PoUmIn,  ii.  906 
Po%cArot<e,  ii.  174,  304 
PorUMe  furnaces,  i.  3. 631 

soup,  Ii.  355 
P§tMtMf  preparation  of,  i.  506 

never  quite  free  from  carbo- 
nic acid  and  water,  i.  507 
found  in  minerals,  ii.  545 
properties  of,  i.  507 
hydrated,  i.  506 
table  of  the  quantity  in  s<ilu- 
Cions  of  different  gravities, 
1.508 
analysis  of,  i.  497 
component  parts  of,  i.  505 
sab-carbooate  of,  i.  581 

method  of 
obtainiag, 
1. 688 
its  use  as  a 
test,  fti. 
499 


Pvtossa,  sab-carbonate,  mode  of  m- 
cerulnlng  Its    purity,   ii. 
575 
bi-carbooftte  of,  i.  584 
sulphate  of,  1. 684 

mode   of   ascer- 
taining its  pa- 
rity, ii.  588 
bi-sniphate  of,  I.  530 
sulphite  of,  i.  688 
-  hydro-sulphuret  of,  i.  586 
hydrogureted  sulphuret  of,  i. 

686 
nitrate  of,  i.  518 

test  for,  ii.  501 
mode     of   ascer- 
taining its  pa- 
rity, ii.  588 
nitrite  of,  i.  315 
hyponitrile,  i.  315 
muriate  of,  i.  509 
chlorate  or  by per-osymuriale 

of,  i.  513 
arseaite  of,  ii.  48 
molybdateof,  ii.56 
oxalate  of,  ii.  189 
bin-ozalate  of,  ii.  189 
quadrozalate  of,  ii.  189 
citrate  of,  11.  198 
tartrate  of,  ii.  818. 
bi.tartimteof,ii.  813 

mode  of  aKcr- 
tainiog  i(s 
purity,     ii. 

acetate  of,  ii.  348 

■node  of  ascertaio- 
ing    its  purity, 
11.583 
solution  of,  mode  of  ascer- 

taiaiog  its  punty,  it.  580 
ferrocyaoate  of,  ii.  87 
as  a  test,  I i.  507 
chromate  of,  Ii.  68 
sulphate  of  alumina,  a  test 

of,  1.609 
per-chlorate  of,  I.  617 
iodate,  i.  617 
hydriodate,  i.  617 
phosphate,  i.  686 
cyanide,  1.  631 
hydrocyaaate,  I.  631 
fenro-cyaaate,  i.  631 
Potaeh  of  coBMMrce,  I.  688 

metbod  of  aseer- 
tainiBf?  the  real 
quaatitj  of  al- 
kali in,  I.  5S9 
Ptflanfmii,l.497 

mode     of    procuring,    i. 

600 
its  prapertiet,  i.  608 
oxidet  af,  L  501^  606 
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F^tasdum^  i(t  nctioD  oo  water,  i.  504      Pyrmonl  water,  ii.  651 

cliloride  of,  i.  508  Pyro-acetie  cthrr  or  spirit,  ii.  351 

iodide,  i.  509  P^rod/ric  ucid,  ii.  667 

liydrurrts,  i.  510  Pyroiigneout  acid,  ii.  855,  342 

phosplHiret  of,  i.  511  the  fame   with  the 

sulphoret  of,  i.  51 1  acetic,  ii.  255 

amal^m  of,  i.  518  Fyflmalic  acid,  ii.  808 

alloys  of,  i.  518  Pifromcter,  i.  90 

compounds    with     metals,  Wedgwood*:;,  1.  60-1 

i.  518  P^romurou«  acid,  ii.  177 

reduces  all  oxides,  i.  513        PyrophoruSf  Hombcrg*s,  i.  609 
actiuu  of  sulphureted  by-    P^rro-far/nrjc  acid,  ii.  817 
drogcn  oo,  i.     Pifro  uric  acid ,  ii.  387 
433 
lodioeon,i.509  q. 

alloy  of  tellurium  with,  ii. 

108  <^ua</roa-<//£r/«,  of  potassa,  ii.  189 

PotasgmreUd  hydrogen  gas,  i,  510  Quantitjf,  its  influence  oo  atlinily,  56 

Potelos  analysis  of,  ii.  840  ^uar^/^ion,  ii.  138 

Pol^tUU  ii«  99  Quercitron  barli,  ii.  863 

Po«^e<  water,  ii.  651  Quicksilver,     See  Mercury, 

Precipitate  per  «e,  ii.  1 12  QuHts^  coagulated  albumen,  ii.  468 

red.ii.  117  Quinio^\\.^%1 

Precipitaiet,  apparatus  for  drying,  i.  n^ 

18 
colours  of,  ii.  644  Radiant  hrnt,  i.  84 

Precipitation^  i.  54  Radishes,  scrapings  of,  stain  paper  as 

jars  for,  i.  688  a  tevt,  ii.  493 

Pressure,  influence  on    boiling  point     Rays^  illiiminaUng,  i.  156 
and  formation  of  vapour,  deoxidizing,  i.  158 

i.  188  heating,  i.  156 

infloence  on  affinity,  i.  60, 80     Rc-^ents^  Ii.  489 
Prince  Rupert's  metal,  ii.  99  Realgar,  ii.  53 

Printers'  types,  ii.  73  Receiver,  i>  6 

Proportions  in  which  bodies  combine,  tubulated,  i.  6 

i.  43,  63  quilled,  i.  7 

generally  d<  finite,  i.  43         Red-ltad^  ii.  108 
multiples  of  each  other,  i.     Reduction  of  metals,  i.  476 
44  Regulus  of  antimony,  ii.  67 

in  volumes  of  several  cum-    Rennet,  ii.  480 

pounds  whose  elements    Resins,  vegetable,  ii.  834 
are  gaseous,  ii.  640  animal,  ii.  375 

Proto-chloridet^  ii.  481  Respiration  diminishes  the  ^ulk  of  air, 

Pra<oxiifc»,  ii.  477  i.203 

Prussian  blue,  method  of  preparing,  produces  carbonic  acid,  i. 

ii.  86  343 

Pruseiate  of  iron,  ii.  86  function  of,  examined.  Ii. 

time,  1.  57 1  405 

potassa,  K  531  Rete  mucosum,  Ii.  461 

PrusMiates,  triple,  i.  448  ReUnasphaUmm^  ii.  895 

Prussic  acid  obtained  from  vegetables,    Retorts,  i.  6 

ii.  883  coating  for,  i.  9, 10 

mode  of  obtaining,  i.  441     Reverberaionf  fwoace,  i.  3 
Purple  powder  of  Cassius,  ii,  136  Revival  of  metals,  i.  476 

Pmiqpurie  acid,  ii.  388  Rhatany^  extract  of,  ii.  866 

Pus,  ii.  433  Rheum  palmatum  contains  oxalic  acid, 

Puinf action  resisted   by  charcoal,  i.        ii.  881 

338  Rheumic  acid,  ii.  884 

retarded    by    carbonic    Rhodium^  11.  146 
acid,  i.  345  alloys  of,  ii.  147 

Pyiies^  iron,  ii.  30  oxides  of,  ii.  147 

copper^  ii.  100  analysli  of  ores  of^  IK  158 
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MooiHng  of  orei,  ii«  558 
Rochmb  aalt,  it.  815 

mode  of  a>cerlainio;  its 
parity,  ii.  500 
RostuU  acid,  ii,  336,  388 
/iMtR,  ii.  834 

ItuU^  Gau(er*s  sliding,  ate  of,  i.  53,  b. 
RmU  of  iron,  ii.  1 14 


S. 


Saocharaie  of  lead,  ii.  184 
SacchO'lactaUM,  ii.391 
Saccho' laciic  Sic'id^  ii.  391 
Stt/ety-lamp,  conslruciion  of   Sir    II. 
Davy's,  i.  428 
priucipie  of   its  opera- 
tion, i.  483 
Sqfiower,  ii.  868 

Saffron^  substance  extracted  by  alco- 
hol from,  ii.  174 
Sogo^  ii.  848 
Sal  ammoniac.    See  Ammtnia^  moriale 

of. 
Sa/priinelle,  i.  519 
SaUfiabU  base,  i.  478 
SaUfying  principle,  i.  478 
Saliva,  ii.  409 

properties  of,  ii.  409 
component  parts  of,  ii.  410 
Saltf  common.     Sec  Soda,  muriate  of. 
of  sorrel,    ii.  189.     8ee  Oxalic 

Acid, 
petre.     See  Potaua,  nitrate  of. 
bpirit  of.     See  Muriatic  Acid. 
Salts,  definition  of,  i.  478 
division  of,  i.  478 
terminoloj^y  of,  i.  473 
incompatible,  not  so  when  dis- 
solved in  a  lar^  qnantity  of 
water,  ii.  580 
analysis  of,  ii.  587 
•olability  of,  in  water,  ii.  688 
in  alcohol,  ii.  631 
insoluble,  diinnited  by  Galvan- 
ism, i.  180 
incompatible,  ii.  518,  638 
neutral,  i.  478 
Sandheatf  i.634 

furnace  for  diitilling  by,  i.  3 
SarcocolL,  ii.  307 
Saturation^  i.  30,  40 
Scale  of  equivalents,  i.  53 ;  ii.  633 
Scak*  of  animals,  ii.  460 
Scarlet,  solotlon  of  tin  used  in  dyeing, 

ii.  41,  863 
ScheeW»  green,  ii.  48,  563 
Seawater,  ii.  588 
Sebacic  acid,  ii.  393 
SecretiotiK,  animal,  ii.  406 
Sedative  valti     Bee  Boracie  Add 
a§4lmmtp  latcritloiMt  il.  890 
SHiUtn  wAtm,  ii.  OM 


adgneUe'i  salt,  ii.  215 

mode  of  asceftainiag 
itt  purity,  ii.  500 
Seleniates,  i.  891 
SeUme  acid,  ii.  398 
Selen^ump  i.  391 
5elfzer  water,  ii.  651 
Selenureted  hydrogen,  i.436 
Separator,  i.  681 
SeroMity,  ii.  398 
36rtim,  ii.  397 
Setqui-carbanate  of  amau>oia,  i.  409 

soda,  i.  544 
ShelUf  ii.  457 

SiHca^  attempts  to  decompose,  i.  614 
method  of  obtaining,  i.  615 
properties  of,  i.  616 
doubtful  whether  an  alkali  or 

an  acid,  I.  618 
aflinities  for  other  earths,  i.  618 
SiYtca/e<falkali,  i.  618 

fluoric  gas,  ii.  619 
Silici'Jtuonc  acid,  i.  619 
StUeium^  i.  614 

Silk,  sulphurous  acid  gas  whitens  and 
gives  lustre  to,  i.  S84 
properties  of,  ii.  463 
Silver,  properties  of.  ii.   180 
tarnishing  of,  ii.  180 
oxides  of,  ii.  180 
chloride  of,  ii.  181 
sulphate  of,  ii.  193 

its  use  as  a  test,  ii. 
508 
nitrate  of,  ii.  183 

its  use  as  a  test,  ii. 

502 
mode  of  ascertain! Dg 
its  parity,  ii.  590 
subnitrate  of,  ii.  183 
muriate  of,  ii.  181 
purification  of,  ii.  189 
horn,  ii.  181 
fulminating  compounds  of,  ii- 

186 
solvent  of,  ii.  127 
phosphate  of,  ii.  128 
alloys  of,  ii.  128 
standard,  ii.  128 
sulphuret  of,  11.  188 
acetate  of,  ii.  S5l 

use  of,  as  a  test,  ii.  50S 
analysis  of  ores  uf,  ii.  558 
Similar,  ii.  99 
Sinews,  ii.  460 
Skin,  ii.  461 
8malfs,  ii.  88. 

Smette,  destroyed  by  charcoal,  i.  3SS 
Soap,  ii.  287 

dissolved.iB  alcohol,  at  a  test,  il. 

518 
transpafcntf  IL  127 
iicld,li.2ao 
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9da  foand  io  mioerali,  ii.  546 
preparation  of.     See  Poitusa* 
properties  of,  i.  586 
hydrated,  i.  536 

table  of  Ibe  real  quantity  in  so« 
lutions  of  different  gravities,  i. 
587 
analysis  of,  I.  536 
component  parts  of,'i.  536 
never  free  from  water,  i.  536 
bi-carbonale  of,  i.  543 
8abH:arbonate  of,  i.  541 

its  use  as  a  test, 

ii.  422 
mode  of  acer- 
taining       its 
purity,  ii.  580 
sesqai carbonate  of,  i.  544 
salpbate  of,  i.  547 

mode  of  ascertain- 
ing its  purity,  ii. 
588 
sulphite  of^  i,  546 
hydrosulpharet  of,  I.  546 
nitrate  of,  i.  541 
muriate  of,  i.  537 

decomposed   by   ox« 
ides  oflead,ii.  106 
mode  of  ascertaining 
its  parity,  ii.  583 
chlorate  of,  i.  540 
phosphate  of^  i,  545 

as  a  test,  ii.  510 
borate  of,  i.  544 

mode  of  ascertaining 
its  purity,  ii.  506 
sttb-borate  of,  I.  544 
oxalate  of,  ii.  190 
iodate  of,  i.  541 
hydriodate,  1.  541 
seleoiate,  i.  548 
ferrocyanate,  t.  548 
bin-oxalate  of,  il.  190 
citrate  of,  ii.  198 
acetate  of,  ii.  348 
tartrate  of,  ii.  215 
succinate  of,  as  a  test,  ii.  510. 
Sodium^    i.  534 

mode  of  procuring,  i.  534 
chloride  of,  i.  537 
iodide,  i.  540 
properties  of,  i.  535 
oxides  of,  i.  536 
sulphuret  of,  i.  540 
pbosphuret  of,  i.  540 
amalgam  of,  i.  540 
action  of  sulphureled  hydro- 
gen  on,  i.  433 
3o<(f,  analysis  of,  ii.  599 
SoUir  phosphoric  1.  160,  564 
aotdtrt^  H.  48, 87 

Sattdf,  exmuislon  of.  by  heatf  I*  89 
Ubic  of,  II.  Mf 


SoUdt,  absorb  heat  in  becoming  liquid. 
1.86 
mfltin;^  points  of,  ii.  614 
posse&sing      porosity,      absorb 

gases  i*  141 
point  of  volatilization  of  some, 

ii.615 
specific  heat  of  several,  H.  150 
SohUion  defined,  i.  31 

not  always  necessary  to  che- 
mical action,  i.  31 
experimental  illustrations  of, 

i.  73 
effects  of  very  minute  divi- 
sion of  bodies,  i.  74 
generally    produces  cold,    i. 

259 
heat  sometimes  evolved  in,  i. 
259 
Sorbic  acid.    See  MaUe  Add 
Sorrei,  salt  of,  ii.  189.  SeeOxatfc^dd 
Soupf  portable,  ii.  355 
Spa  water ^  it.  651 
Spar^  calcareous,  1.  563 
ponderous,  1.  581 
Specific  gravity.   See  OravUy,  speciJU* 

caloric.     See  Catorie, 
Speculum  metal,  ii.  99 
Spectrum,  solar,  heat  and  light  of,  1. 156 
Spellre,  ii.  1 1 
Spermaceti,  ii.  381 
Spirit,  pioof,  ii.3l5 

of  wine,  ii.  315, 593 
Stalactites,  i.  563 

Starchy  a  delicate  test  of  iodine,  i.  227  { 
ii.247 
converted    into   sugar  in   the 

process  of  maltinc,  ii.  24f 
mode  of  obtnioing,  ii.  239 
properties  of,  ii.  241 
method  of  converting  it  into 

sugar,  ii.  243 
analysis  of,  11.  247 
ioduret  and  sub-ioduret  of,  ii. 
247 
Steam,     See    Vapour,  Aqueous,  under 
high  pressure,    latent  heat 
of,  i.  132 
does  not  scald,  1.  ISS 
formed  in  strong  glabt  tubes, 

ii.  662 
formed  at  the  bottom  of  water 

is  Invisible,  i.  116 
has  the  same  Cempenitare  at 

boiling  water,  1. 116 
latent  heat  of,  i.  126,  128 
specific  grav4ty'of,  i.  128 
equal  weights  of,  contain  eqnal 
quantities  of  caloric,  l«  ISI 
applicable  to  ilbe  pnrposo  of 

heating  bodies,  i.  185 
forco  off  At  diffiorcai  tanpcra* 
tares,  II,  617 
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Siuuin,  ii.  383 

SiMi,  HietlMNl  ofi^ildiBi^,  ii.  136 

•  coapovod  of  iroo  aod  carboo, 

ii.3S 
csft,  ii.  34 
new  alloys  ofy  ii.  31 
5/JWcaciJ,  ii.  70 
jfKftfoMacid,  ii.lO 
StUlf  coomony  i.  6 
ift9m$^  aaal>»is  of,  ii.  529 

Babslaocrt,  tliaC  may  be  expect- 
ed is,  niid  BMans  of  leparac- 
io;,  ii.  548 
SironlUi,  analysis  of,  i.  585 
properties  of,  i,  585 
carbonate  of,  i.  588 
kolpbate  of,  i.  589 
bydraie  of,  i.  586 
bydrosolphuret  of,  i.  589 
nitrate  of,  i.  587 
lauriate  of,  i.  5S6 
chlorate  of,  i.  587 
oxalate  of,  ii.  191 
aceUte  of,  ii.  350 
use  of  strontia  as  a  Icbt,  ii. 
501 
SirvnUMm^  i.  585 

chloride  of,  i.  5S6 
StrycMnlm,  W.  292 
Subbpraie  of  boda,  i.  544 
§MbcMrbonate  of  aaiMoaia,  i.  408 
liiae,  i.  562 
mngacftia,  i.  590 
pofatsa,  i.  591 
ioda,  i.  541 
Smbchhride  of  lead,  ii.  105 
Safer,  ii.  280 
Hwteric  acid,  mode  of  obtaining,  ii.  ?80 

properties  of,  ii.  280 
SuktfmaU,  corrosive,  ii.  113 
tftffttfMalioa,  i.  SU 
SubmmrUiU  of  copper,  ii.  90 
gold,  ii.  130 
mercury,  ii.  114,  588 
Subnitratc  of  mercury,  ii.  117 
silver,  ii.  123 
copper,  U.  93 
SmhUirUe  of  lead,  ii.  108 
8«4-silic0led  fluoric  acid,  i.  619 
8«4-fi^pAa<e  of  copper,  ii.  94 
iroo,  ii.  23 
mercury,  ii.  115 
tin,  ii  39 
SHb-tmlpkwrti  of  mercary,  ii.  1 18 
^M5.<aiiiiaf«  of  lead,ii.  270 
SuednaU  of  ammonia,  as  a  test,  ii.  509 
Iron,  ii.  239 
soda,  as  a  test,  ii.  509 
Sacdaaess,  ii.  838 
tfaccdalc  acid,  ii.  238 

aiode  of  ascertaining  the 
pority  ofy  li»  579 
$flycr,  Ii.  181 


Sv^or,  prrparalioa  of,  ii.  180 

obtained  froos  several  vereta- 
blcs,  ii.  181 

from  grapes,  Ii.  182 
from  getatlae,  ii.  336 
e^olYaleatof,  ii,186 
properties  of,  it.  183 
component  parts  of,  ii.  185 
substances  resembling,  ii.  186 
surch    convertible    into,    ii. 

242 
renders  nitrous  acid  a  Mlveot 

of  manganese,  ii.  8 
aoinml,  ii.  378 
of  lead,  ii.  108 
of  milk,  ii.  378 
Sulphate  of  alamina,  i.  606 
ammonia,  i.4i0 
auMMHiia  and  magnesia,  i. 

598 
baryta,  i.  581 
bismuth,  ii.  86 
copper,  ii.  98 
iron,  ii.  23 
lead,  IL  106 
lime,  i.  569 
lithina,  I.  551 
magnesia,  i.  597 
Bsercury,  ii.  115 
putassa,  i.  524 
Miver,ii.  123 
soda,  i.  517 
strontia,  i.  589 
tin,  ii.39 
zinc,  ii.  1.9 
compound,  of  aKignesia  and 
soda,  1. 598 
Sulphales,  tests  of,  Ii.  505 
Sulphite  of  tflnmiiia,  i.  362 
auMMnia,  t.  410 
baryta,  i.  581 
lime,  i.  569 
magnesia,  I.  596 
potassa,  i.  528 
soda,  i.  546 
copper,  ii.  95 
iroo,  ii.  24 
lead,  ii.  107 
Sulphites,  sulphareted,  i.  388 
Sulpkur,  i..371 

compounds  of,  i.  372 
pority  of,  ii.  549 
propertira  of,  i.  37 1 
preparation  c»f,  for  takiog  ian 

pressloos,  i.  372 
combination  of  alcohol  with, 

1.372 
contains  hydrogen,  i.S73 

oxygen,  i.  373 
combmtion  of,  i.  374 
combination  of  alkalis  wKK 

i.  487 
alcobel  of,  i.  451 


lNt>£JC. 


tOl 


skur,  combioaiiiinuf  cUlorinc  with, 
i.39l 
pho«phiiret  of,  i.  450 
cninbiiiaiiun  of  metals  %Tilh, 

ii.48l 
balsam  of,  ii.  8*27 
bydrnKurrteil,  i.  4.15 
pkurei  of  potassium,  i.  511 
sodium,  i.  540 
ammonia,  1.  4S3,  ii*  50^, 

513 
1  me,  i.  567 
carbon,  I.  451 
iodine,  ii.  S9I 
f;o\dyU.  136 
silver,  ii.  1^8 
srlrnium,  i.  455 
mrrcury*  it.  118 
palladium,  ii.  149 
i'opper,  it.  98 
iri>a,  Ii.  SO 
nickel,  ii.  159 
tin,  ii.  41 
lead,ii.  110 
zine,  ii.  15 
bikmuth,  ii.  87 
nntiifionv,  ii.  7^ 
anirnir,  ii.  53 
cobali,  ii.  S2 
inaiij^aneic,  ii.  1 1 
mid\bdc>num,  ii.  57 
phurfttf  alkaline,  i.  487 

use  of,  as  tei-l«, 

It.5l3 
tr»l«of,  ii.497 
metallic,  i.  484 
iie%v  experiments  on,  ii.C69 
table  of   i!ir  composition 
of  several,  i.  485 
'  h>dro<raretedy  i.  435 
pfnireted  hvdrogen,  i.  489 

combines   with 

oxides,  i.  484 

with  metalo,  1. 

488 
teft  of  lead,  il. 

513 
test  of  arsenic, 

Ii.  568 

g;as,qnnu(ily  of 

absorbed   by 

nater,  i.  853 

gas,   modes   of 

procarinr,  it 

430 

properties  of,  1. 

491 
wllh       Alkalli 
and      rartbi 
forms  h>dro« 
•ulpbnrei]i|  !• 
436 
gas,  tests  of,  ii. 
.    615 


J^ii'pAMreleJ  sulphites,  1.  388  / 
Sufpkurie  acid,  i.  874 

component  parti  of,  I* 

381 
piirificatioo  of,  i.  379 
dero:npo»ition    of,    i« 

388 
manufacture  of,  i.  386 
u'e  of,  as  a  te»t,  Ik 

496 
tests  of,  ii.  505 
method  of  a»certaioMit 
tbepuriiy  of,  ii.576 
glacial,  i.  385 
real,  quantity  of,  in 
acid  of  different  den* 
Hitios,  ii.  641 
etlu>r,  ii.  387 
5u/|»A umei/ alcohol,  i.  378 
Smtphurous  acid,  formation  of,  i.  383 

properties  of,  i.384 
ctimpoccot  parti  of, 

i.  388. 
converiible  into  sul- 
phuiic  add,  1.385 
le<«(iof,  ii.  513 
Snlphur  i'ivum^  i.  371 
Sumach t  ii.  "idfl 
Sun  beam*y  roitsist  nf  three   kinds  of 

roys,  i.  156 
Super-cnrbunUd  hydrogen,  1.414 
Super»oxalate  of  putnssa,  ii.  189 

soda,  ii.  190 
SHpcr-sulphale  of  mercury,  ii.  1 15 

potafrsa,  I.  530 
Saper-mlphurel  of  iron,  ii,  31 
Super-sulpkureted  h  }  d  r ojren ,  i .  435 
Super-iartraie  of  poiassa,  ii.  813 

mode  of  ou 
certainini;  its  pu- 
rity, ii.  584 
Supporiert  of  combustion,  i.  803;  i. 

8^9. 
Sympmihetic  ink«.     See  Inks, 
Synovia ,  ii.  433 
Synihe$is,  i.  41 

T. 
TaUoHf,  ii.  388. 
r«N,  fromgnlis  il.  865 
how  obtained,  ii.  864 
properties  of,  ii.  867 
analysis  of,  11.870 
action  on  gelatine,  11.356 
qoantiiy   afforded    by  differtal 

barks,  11.967 
artlflclal  formation  of,  9T0 
Tumuii€  of  iron,  11.  98 
lead,  ii.  970 
Tannin,  II.  964 
ranno-geUtiine,  H.  968,  S5t 
raaffftem  the  atmt  with  colambimDf 

11.63 
Tapiectf,  il.  940 


tOf 


lirflMi 


Tarlar,  cream  of,  il.  Si  J 

eflietic.     See   JHlitnony,  taf* 

tariied 
tillable.    See  PoiassM,  tartrate 

of 
▼itrioUtecl.     See  Potaua^  sol- 
phate  of 
Ikrimrie  acid,  mode  of  obtnioiog,  ii. 

t09 
properties  of,  ii.  SU 
may  be  converted  into 
oxalic  and  acetic,  ii. 
811 
aoaljiisof,  ii.  212 
combinations     uf,      ii. 

213 
mode  of  ascertaining  the 
purity  of,  ii.  578 
TaHrmie  of  potassa,  ii.  219 

mode  of  ascertain- 
ing its  purity,  ii. 
584 
and  soda,  ii.  215 
mode  of 
ascertaining  its 
purity,  ii.  584 
Tears,  ii.  429 
2VelA,  ii.456 
T^UurateM,  ii.  101 
TeUmreted  hydrogen  gas,  ii.  102 
nUurium^  il.  100 

acidifiable,  ii.  100 
analysis  of  ores  of,  ii.  557 
compound      of    hydrogen 

with,  ii.  101 
alloy  of  potassium  with,  i. 
102 
Ttmperaiure,  change  of,  produced  by 
chemical  union,  i.  42 
influence  of,  on  chemical 

aflBoity,  i.  60 
what,  i.  81,88 
method  of  ascertaining, 

i.  81 
change  of,  produced  by 
solution,  i.  259 
J'enaciiy  of  different  metals,  i.  461 
Tendons,  ii.  460 
Terra  japonicOf  ii.  174 
TesU,  ii.  489 
Thermomeier,  1.81 

Breguet's,  i.  90 
Danieirs,  i.  90 
Wollaston^s,    for    mea- 
suring heights,  119 
its  constractioii,    i.  90, 

91,  94 
its  rise  nearly  in  the  ratio 
of  the  Increase  of  beat, 
1.98 
role  for  redacing  gases 
to  a  given  b^;ht  of 
the,  I;  88 


fkem0miUfiM\r,i^Ul 

dlfll^reotlAl,  1. 01 
Tkermomiitrt,  various,  cerrefpoddrnce 

beiweeo,  ii.  612 
Thoracic  duct,  fluid  io  the,  ii.  426 
Thonna,  1.  610 

how  prepared,  i.  610 
properties  of,  i.  611 
in  what  respects  it  diflen  from 
other  eartks,  i.  612 
7/tt,  chlorides  of,  ii.  38. 

precipitation  of  gold  by,  ii.  136 
muriate  of,  best  test  of  platinum, 

ii.  143 
properties  of,  ii.  35 
oxides  of,  ii.  36 
hydrates  of,  ii.  87 
amalgam  of,  ii.  42 
sulplmte  of,  ii.  39 
subsulphate  of,  il.  39 
nitrate  of,  ii.  39 
muriate  of,  ii.  40 
nitro-muriate  of,  ii.  41 
acetate  of,  ii.  41 
tartrate  of,  ii.  139 
sulphurct  of,  ii.  41 
alloys  of,  ii.  48 

action  of  arseaic  acid  on,  ii.  52. 
analysis  of  ores  of,  ii.  553 
Tincai,  i.  544 
2ViiaiR^,  wet,  ii.  141 
Tiianium,  11.82 

how  obtained,  ii.82 
properties  of,  ii.  82 
analysis  of  ores  of,  ii.  557 
Tobaccoy  peculiar  principle  ciif,  ii.  303. 
Tomhae,  ii.  99 
TreacU,  ii.  180 
Tritoxides,  i.  477 
Tube  of  safety,  i.  6 

dropping,  i.  11 
Tubes,  loDg  or  crooked,  joint  for  unit- 
ing, i.  687 
I\tUps,  siagalar    substance  from  the 

pollen  of,  ii.  306 
Tunbridge  water,  ii.  654 
T\ingstat9  of  lime,  ii.  68 
J\mgsien,  mode  of  obtaining,  ii.  60 
characters  of,  ii.  61 
sulphuret  of,  ii.  62 
oxides  of,  ii.  68 
analysis  of  ores  of,  il.  557 
TVitt^ps/lcacid,  mode  of  obtaining,  ii.  6S 

properties  of,  ii.  62 
T^rMM  mineral,  ii.  116 

mode  of  sMcertaiaiag 
its  purity,  ii.  590 
2Wr/«.ii.300 
TWiaertc,  as  a  dye,  ii.  863 

paper  and  tincture,  as  tests, 
H.  494 
TmrfenHnCf  oil  of,  ii.  838 

coBvotad  Into  a  kind  of 
caaphor,  ii,  SS3 


tWtIL 


10» 


U. 

Vlmin,  il.  304 

Uranium^  ii.  74. 

analytif  of  ores  of,  ii.  556 

Ur*tea,  ii.  386 

Urea,  method  of  obtaioioK,  ii.  371 
properties  of,  ii.  374 
alters  the  form  of  somcrouriates, 

ii.  375 
dements  of,  ii.  375 

L'n'c  acid,  ii.  385 

Urine,  sugar  found  in,  ii.  379 
gravel  in,  ii.  447 
calcnli  in,  ii.  445 
lateritious  sediment  of,  ii.  390 
properties,  ii.  434 
analysis  of,  ii.  435 
salts  of,  ii.  437 
animal  fluids  in,  ii.  439 
composition  of,  ii.  442 
putrefaction  of,  ii.  443 
changes  of,  in  diseases,  ii.  443 
of  ditfereot  animals,  ii.  444 


V. 


Vacuum^  cooling  of  bodies  in,    i.  83, 
101 

boiling  in,  i.  118 
evaporation  in,  i.  ISl,  133 
Vapour f  caloric  the  cause  of,  i.  1 16 

aqueous,  in  gases,  corrections 
for,  i.  25 

quantity  and  force  of,  same 
in  air  as  in  vacuo,  i.  181 
influence  of  preiiure  on,  i. 

128 
elasticity    of,    at    different 

temperatures,  i.  183 
density  is  as  iU  elasticity,  i. 

184 
force  of.  In  the  atmosphere, 

1.857 
table  of  its  force,  ii.  617 
Fopowrs,  mixtures  of  with  gases,  ii. 
483 
elastic  force  of,  1.  184 
latent  heat  of,  i.  It5 
VamUket^  ii.  235 
FauqtieUne,     See  Stryckmia 
Vtgttable  acids.     See  jidds 
extract,  ii.  172 
jelly,  II.  179 
substances^  ii.  161 

result     of     the 
ipontaoeoiM 
deeonpotltlon 

of,  It.  310 


VtgtlaHeu  grotlrtii  6f,  Atifeeied  by  tkU 
bodic  acid,  1.  345 
prokimate  print Iplei  of,  ilt 

161 
general  laws  respecting  the 

composition  of,  il.  171 
acids  found  native  in,  ii. 

194 
fixed   oils  obtained  from, 
ii.  226 
VerHtria,  ii.  286 
Verdegrity  il.  97 

mode  of  ascertaining  the  pu- 
rity of,  ii.  591 
distilled,  ii.  97,344 
Verdiier^  ii.  95 
Fermi/ion,  ii.  118 
Fimegar,  ii.  341 

distilled.     See  JceioUM  jidd 
radical .     See  JcUic  Acid 
Vinoui  fermentation,  ii.  310 
Viotettf  syrup  of,  as  a  test,  ii.  493 

test  of  its  genuine- 
ness, ii.  493 
pickle  of ,  ii.  495,  note 
VUriolf  blue.     See  Copper,  sulphate 
of 
green.    See  Iron,  sulphate  of 
white.     See  Zinc,  sulphate  of 
oil  of,  table  of  the  quantUy 
of,    and   of   dry   sulphuric 
acid  in  100  parts  by  weight 
of  diluted  acid  at  different 
deniiities,  ii.  641 
Folia's  eudiometer,  i.  236 

pile,  i.  167 
FobmuM,  theory  of  combination  by,  i. 
52 
proportions  in,of  several  coai- 
pounds  whoee  elements  are 
gaseous,  ii.  640 


W. 

Water^  supposed  not  to  conduct  heat, 

i.  108 
13  a  slow  conductor,  1.  109 
quantity  of  coal  required  to 

evaporate,  I.  187 
composition  of,  1.  844 
proportion  of  the  elements  of, 

i.  247 
analysis  of,  i.  850 
properties  and  effects  of,  i.  858 
contains  air,  i.  852 
quantities  of  gases   absorbed 

by,  1. 253 
contained   in  the  atmosphere 

in  the  driest  weather,  I.  854 
solidified  in  variont  lolids,  1* 

858 
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